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PREFACE TO THE FIRST EDITION. ' 


The subject treated in tbe following chapters, AgricultuTa] 
Zoology, ha,s perliaps been more neglected in England th^n 
any other branch of science applied to agriculture : even the 
name itself is hardly at present understood- It is true, indeed, 
that the labours of Curtis, and in later years of Miss Ormerod, 
have developed one branch of economic zoology — namely, the 
part played by insects m causing^disease amongst animals and 
plants , it 18 true also that some of our veterinary surgeons 
have done excellent work on the other parasitic diseases of 
anunals^ but there remains a vast portion of the subject that 
has neither gamed the attention of Enghsh scientific men 
nor been summansed m an English text-book Agricultural 
Zoology treats of the life-histoiies, the habits, the pecuharities 
of all the animals which affect for good or for evil our stock 
and crops, whether on the farm or^m the garden, and the 
structure and developmentr of domestic animals. Parasitism 
plays an important part in this subject, especially m the 
protozoa and worms ; but the economic effects of parasites are 
not confined to protozoa and worms — the parasitic insects and 
mites equally take their annual and preventable toll of our 
flocks and herds. Nor, again, is parasitism always an injuri- 
ous phenomenon : its beneficial effects are equally marked and 
equally under control, given only the requisite knowledge. In 
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either case, the necessary thing is an acquaintance with the 
complex structure and the life-history of both the higher 
animals we meet upon the farm, which may serve os host, 
and also of the smaller organisms met along with them, whether 
injurious or beneficial, parasitic or leading an independent ex- 
istence. With an mjurious insect, for example, tliero is some 
period when it is open to attack : our observation should 
enable us to discover this period, and our science to suggest an 
appropriate weapon. In the same way our domestic aiiiiimla 
are weak at certam pomts and at certain times , only an 
intimate knowledge of their organisation and their luibits will 
enable us to apply the corresponding safeguards. 

In the following text-book the writer has endeavoured to 
summarise the habits, characters, and development of the 
animals that may he met with m farm and garden Groups 
poaaessmg httle or no economic importance have been but 
briefly referred to, such as the Coslenterates, Sponges, and 
Echinodenos. On the other hand, the structure of one do- 
mestic animal, the horse, has been treated at some length 
It is hoped that the book may be of service to the fanner ; 
but it IS pruuanly written for the rapidly increasing class of 
students m our Agricultural Colleges, &c. In their handa 
hes the future of scientific agriculture, m the development of 
which economic zoology must play not perhaps the least pait 
My thanks must here be expressed to Sir George Brown, 
K.G.B., for kmdly revising the chapter on the Anatomy of 
the Horse, and for other help generally, to Dr Hans Gudow 
for the great trouble he has taken m examining the proof- 
sheets of chapters xiv. and xv., and for his valuable advice m 
other matters. The chapter on Mites and Insects have been 
read over by Mr (now Sir) Charles Whitehead, and to him 
I tender my grateful thanks, not only for his help m cxamin- 
ing the proofs, but also for allowing me the use of some of 
^ excellent figures from the publications of the Board of 
Agricultura In connection with the latter, I must hero 
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acknowledge the courteous permission of the Controller of 
Her Majesty’s Stationery Ojffice to use the electros, several 
of which were supplied gratuitously. To Dr George Fleming, 
O.B, I am indebted most of all: thanks to his generosity, 
many of the excellent electros of worms, mites, &c , from his 
translation of Neumann’s ‘Parasitic Diseases of Animals,’ have 
been lent me for tins book, and others he has allowed me to 
reproduce ; hut it is especially for the trouble he has taken in 
revismg the chapters on Worms, Embryology, and the parts 
concerning domestic animals, that I owe him so many thanks. 
His publishers, Messrs Baillifere, Tindall, & Cox, also readily 
gave their consent to the free use of his figures, and I cannot 
let this opportunity pass without expressing my thanks for 
their great courtesy in this matter. Professor Nicholson has 
very kmdly contributed a number of figures from his well- 
known ‘Manual of Zoology, which greatly add to the value 
of the work. I must also acknowledge Miss Ormerod’s kmd- 
ness m allowing me the use of fig. 118 , and for other advice 
always so readily given I must also express my thanks to Sir 
William Flower, K O.B., the Trustees of the British Museum, 
Professor Kitsema Bos, Professor A. D Hall, and Professor 
Adam Sedgwick, for either allowing their figures or those of 
institutions they represent to be reproduced, ‘ or for lendmg 
the blocks. Mr H. Cousins baa kindly revised the part of 
Appendix H. deahng with insecticides. 

Not only in England but also from abroad, especially from 
America, have I received much courteous and valuable aid, 
and to one and all I tender my many thanks 

FRED. V. THEOBALD. 

Wye, Decerrtber 1898. 


J^ote —The figures so kindly lent, and those purchased from other 
works, are here gratefully acknowledged, with sufficient clearness, I 
trust, for every one’s satisfaction — 

From His Majesty’s Stationery Office, by permission of the Con- 
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troU^r, figa. 32, 46, 60. 60, 74, 76, 77, 90, 93, 100, 108, 109, 
111, 124, 184, 138, HO, 141, 143, 146, 163, 164, 167, 168— some 
puroliased and some lent with Sir Charles Whitehead’s permission 
From Dr Fleming’s translation of Neumann’s ‘ Parasitic Diseases of 
Domestic Animals, ’ figa 5, 7, 16, 17, 18, 24, 36, 36, 37, 67, 58, 161, 
and 165 have been kmdly lent by translator and pubhshers. Figs. 
1, 8, 47, 62, as, 79, 107, 162, 168, 172, 177, 178, 179, 198, 199, 
200, 201, 2 o 4 206, 219, 222, 241, 261, 266, are from Dr Nicholson’s 
‘Manna! of Zoology’, figs. 19, 20, 23, 26, 26, 31, 34, 69, 71, 91, 92, 
96, 97, 98, 99, 110, 112, 113, 146, 161, 169, 160, are original irawmgs 
by the author, the blocks being lent by the S -E Agncultural 
College, from the College JoumaL hVom Messrs Churchill the 
following figures from Ohauveau’s ‘ Comparative Anatomy of 
Domesticated Animals’ have been purchased — viz, figs. 181, 182, 
183, 184, 188, 189, 191, 193, 194, 196, 208, 214, 236, 238, 239, 242, 
243, 244, 246, 247, 248, 249, and 260 Fig 160 has been reproduced 
from the same work, with the pubhshers’ permission 

From Curtis’s ‘Farm Inseota ’ the following have been purchased — 
figai. 68, 69, 70, 81, 84, 96, 104, 106, 126, 128, 133, 142, 160, and 164. 
Fig. 186 13 reproduced from one of Sir William Flower’s drawmgs in 
his ‘ Osteology of the Mammalia.’ The figures of Eel worms, figs 21 
and 29, are reproduced with the permission of Professor Ritsema 
Bos ; and fig. 118 is a reproduction from Miss Ormerod’s ‘Manual of 
Injni’ious Insects.’ The Department of Agriculture, U S.A , kindly 
allowed me to reproduce Dr Howard’s figures of the Pear Midge and 
San Joad Scale, figs. 121 and 166 (part). Figs. 171, 263, 266 are 
from the British Museum Guides From Foster and Balfour’s 
‘Embryology,’ figa 229, 231, 232, 233, 234, 236, 237 are reproduced, 
with the permission of Professor Adam Sedgwick. 

Fig 61 is reproduced from several figures in Neumann’s ‘ Parasitic 
Diseases of Domestic Ammals,* and also part of fig 3. 

Figs. l62 and 189 are from ‘Insect Life’ (origmal), with the 
permission of Mes^ Methuen & Co 

Figs, 82, 102, 103 from the writer’s ‘ Inseot and other Alhed Peats 
of Orchard^ Bush, and Hothouse Fruits,’ 

Fig 144 has been kindly lent by the Board of Agriculture and 
Fisheries 

To all who have helped me in this work, by lending their blocks 
or allowing thoir figures to be reproduced, or by lending specimens* 

T ofier my thanks. 


F. V. T. 



PREFACE TO THE SECOND EDITION. 


SiNOB this volume was published in 1899 considerable advance 
has been made in the subject of Economic Zoology. Conse- 
quently many alterations have had to be made in this second 
edition, and a considerable amount of new matter has had to 
be incorporated. 

The general scope of the work for teaching purposes has not 
been altered, as it seems to have met with general approval 
both at home and m the Colonies. 

FEED. V. THEOBALD. 


Wth Court, Wtb, 
Mwroh 1G13, 



PBEFAOE TO THE THIRD EDITION. 


SiNOB 1913 many changes have happened, and for some four 
and a half years science has been spent on killing men. Con- 
sequently not much tune has been given to advancing iiiun*R 
■welfare. Hence few new notes can be added m this third edition. 
It IS hoped, however, to be an improvement on the second 


Wye Couet, 'Wye, 
Jarvuary 27, 1919. 


PEED V. THEOBALD 
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ACHORDATA (INVEETEBRATA 




CHAPTEE 1. 


THE CELL AI7D SIMPLE ANIMA.L TISSUES. THE 
CLASSIFICATION OF ANIMALS. 

The foundation of all living bodies is a structure called a cell. 
The cell is more or less the unit of life, and may even of itself 
constitute a definite organism. Most organisms are nevertheless 
built up of numbers of these cell units, numbers reaching into 
incalculable figures. 

In animals the cells lose their original form, whereas in plants 
their true symmetry is more or less retained. All the parts, 
then, of the animal (and plant) are composed of cells collected 
and united together in mosses, forming the various groups or 
tissues that constitute the bodies of animals. 

All animals origmate from either a single ceU (asexual repro- 
duction) or the unition of two cells (sexual reproduction). 

The Cbll-Struoture 

The essential part of a ceU is the protoplasfin. This proto- 
plasm IS a clear gelatinous substance which is found in oU cells, 
both animal and vegetal. It has been described by Huxley as 
the “ physical basis of life ” GeneraUy protoplasm is partially 
enclosed by means of a constricting layer, the cell-wall 
The protoplasm of each cell is connected with that of the 
surroundmg ceUs by minute strands passmg through pores in 
the cell-walls. 
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THE CELL AND SIMPLE ANIMAL TISSUES. 


This living matter may also be observed in a naked or free 
state (J-mosJce). 

This all-important living substance is endowed with the 
powers of contractility and movement, and is subject to such 
external influences as light, heat, and electricity. Movement 
takes place by the protrusion of any part of its surface, the 
protruded parts being known as ** psendopodia,” the rest of the 
protoplasm flowing in a wave-like manner after these processes. 

Inside the protoplasm of a cell is a body called the nvdeus 
The nucleus is composed of a more liquid part, the “nuclear 
fluid,” and a more sohd part, the “ nuclear protoplasm ” The 
nucleus varies in form : sometimes it is round, at others oval, 
or again it may he elongated and twisted 

Both protoplasm and nucleus are suriounded, as a rule, by a 
definite layer, which mo? e or less retains the contractile proto- 
plasm. The essential part of the cell is the protoplasm, which 
has the power of independent movement, of metabolism, and 
of reproduction. All organisms that we shall deal with, except- 
ing the simple Protozoa, will he seen to be made up of numbers 
of these cells, which become united in various ways, and so 
form the animal tissues. We know that a cell always origin- 
ates from a pre-existing cell The formation of one cell from 
another takes place chiefly by a process known as haryohiuBsis 
or “cell-division.” 

When a cell has received its full share of nourishment — that 
is, when it has reached maturity — its protoplasm commences to 
separate into two equal halves. This division is preceded by a 
conespondmg separation of the nucleus, and then the whole coll 
splits into two cells During this process of cell-division certam 
definite changes take place in the nucleus. This body at first 
is spmdle-shaped ; its contents are drawn out mto longitudmal 
stries, when the centre of these striae becomes thickened and 
forma an equatorial zone or “ nuclear plate.” TMa “ plate ” then 
divides, and each half travels to the poles of the spindle, which 
assumes a dumb-bell shape, then elongates, and the two nuclear 
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masses, the remains of the equatorial plate, become surrounded 
by a clear fluid These form the two nuclei at the poles of 
the spindle. As soon as this has taken^ place the whole proto- 
plasm constricts in the middle, and the cell divides into two. 

There are two other ways m which cells reproduce — namely, 
by ^‘buddmg” and by “endogenous cell-formation.” “Bud- 
ding” is when one of the produced cells is smaller than the 
parent cell In “ endogenous cell-formation ” we get the proto- 
plasm and nucleus of the parent cell, splitting up internally 
into a number of small bodies, known as “ spores.” These are 
seen only in the lowest forms of life. 

The separation of groups of various cells leads to the forma- 
tion of the different tissues Of tissues we make out two 
chief kinds — namely, vegetative tissues and anunal-life tissues 
The former carry out the nourishment and maintenance of the 
body, the latter are those tissues which are characteristic of 
animals, and whose functions are for movement and sensation. 

Of vegetative cell- tissues there are two divisions — (1) epi- 
thelial and free cells, and (2) connective tissues- The tissues 
of “ ammal-life ” are (3) muscular tissue, and (4) nervous tissue, 

1. Free Cells and Epithelium. 

(a) Free or wandering cdls are those that are found floating 
in some fluid medium. The corpuscles of the blood and lymph 



Fto 1 —Blood Oobfuboles or Vxbtbbbata. 
a, Of man ; &, of goose , o, of crooodile ; d, of frog , 0, of skate. (Nloholson.) 


are excellent examples of free cells. In the invertebrate blood, 
which IS normally colourless, will be found numbers of pale 
amoeboid bodies. In vertebrate blood these amoeboid corpuscles 
are augmented with red blood corpuscles (fig. 1), round cell* 
discs which contain the colouring matter of blood — ^namely, 
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EPITHELIAL TISSUES. 


TimmogloUn — a substance which plays such an important part in 
respiration, Besides blood and lymph corpuscles we find other 
isolated cells in the body, the ova and spermatozoa, which 
become detached as single cells from the epithehal walla of the 
male and female organs, the testes and "ovaries. The form, 
especially of the spermatozoa, vanes greatly : m most cases tho 
spermatozoa have a long thread-like tail attached to the nucleated 
cell. 

(&) Epithelial iissiies consist of groups of cells, which in 
simple layers line the exterior and mterior of the body surface. 
The internal lining is known as “ endothehum,” There are 
four chief types of epithehum, each distinguished by the form 
of the cells — namely, (1) cylindrical, (2) ciliated, (3) pavement, 
and (4) glandular epithehum. 

The lower cells of these cell-masses retam their natural form , 
but the upper ones may become hardened. Thick stratified 
layers of such cells occasionally become fused, and produce 
horns, nails, claws, hoofs, &c. Sometimes the outer walls of 
the epithelial cells are thickened, forming a ** cuticle.” These 
cutioulor membranes are perforated by small pores and also by 
larger passages- in these outicular pores are placed the hairs 
and feathers The cuticular secretions may form a hard shell 
or case for the organism, an exoskeleton, as seen in the 
Crustacea and Hexapoda 

Olandidai epithelium is that epithelium in which some cells 
secrete not a solid but a hquid substance. In tho most rudi- 
mentary cases the gland is formed by a single epithelial cell, 
the secretion passing out by either a special opening or through 
the superficial membrane. Several of these cells may arrange 
themselves around a central space and pour their secretion into 
it ; the gland then forms a blind invaginated sac opening to the 
extenor or interior by the neck of the whole glandular mass. 
From this simple gland a compound gland is built up by re* 
peated regular or irregular outgrowths The terminal portion 
of each gland is converted into a duct in most glands, for the 
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carrying away of tlae fluid secreted Some glands, however, are 
ductless or blind (spleen, &c*) 

2. Oonnective Tissues are those which connect and surround 
other tissues, and act as supporting and skeletal structures. 
The presence of intercellular substance distinguishes this group 
This intercellular matter is secreted by the whole of the cells 
which it surrounds, and is very variable both in consistency 
and in structure One variety is known as 
tissue^ in which elongated cells are embedded m a aohd inteiv 
cellular substance broken up into bundles of flbres. In hga- 
ments and tendons the fibres have a wavy outhne, and are 
parallel in arrangement. When the fibrillee are treated with 
acids, they swell up, and a second form, which resists these 
reagents, appears. These threads are elastic fibres^ and may 
predominate so as to form elastic tissue^ which branches and 
forms a network, sometimes of great strength, such as the liga- 
Tn&rdum nucJice of the neck — the ligament by which the head 
of quadrupeds is held up in a horizontal posture • at other times 
they spread out, forming the so-called “ fenestrated membranes ” 
of Henle m the arteries The two most important skeletal 
tissues are cartilage and bone. 

Gai tilage is a true connective tissue, and may be distmguished 
by its spherical cells and gristly mtercellular substance in which 
the cells are embedded. We con recognise three distinct kmds 
of this cartilage — hyalme, fibrous, and elastic. The cells of 
cartilage are placed m clear round spaces* Its varieties will 
be pomted out when we come to more special parts. Suffice to 
say here that it is found in both of the great divisions of the 
animal kingdom, and may even constitute the entire skeleton of 
some of the fish {ElaamdbrancMi), 

Osseous tissue^ or bone, is hard and possesses a high degree of 
rigidity, through the mtercellular substance being hardened by 
the deposition of carbonate and phosphate of lime, these sa-lts 
constituting about two-thirds of the weight of bone. The cells 
(the bone-corpuscles) occupy spaces in this intercellular matter. 
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MTTSODLAR TISSUE. 


Numeroufr canals (Haversian canals) run through the hone, con- 
taining blood-vessels and nerves The calcareous matter is 
arranged in concentric rings round these canals, which begin 
m that highly vascular periosteal layer that cncumBcnhes the 
whole hone and open into long spaces, the marrow canals, in the 
axes of the long bones. In all cases bony tissue is preceded by 
either cartilage or other connective tissue. 

The two animal-life tissues are muscle and n&i've. These can 
he detected in all animals save the very lowest forms, which are 
apparently nothing but undifferentiated protoplasm. 

3. Muscular Tissue is contractile the power of contraction 
is due, as has already been pointed out, to the protoplasm itaeE 
By differentiation of the protoplasm of certam cells and groups 
of cells the power of contractility is brought to a higher state of 
efficiency, and a tissue, the so-called mmcular tissue, is formed 
solely for movement. Muscle-cells durmg movement contract 
and expand In some of the lower animals we iind cells m 
which only part of the cell is differentiated into a muscle fibre, 
A stage further, and we find the whole cell becommg elongated 
and converted mto a defimte muscle fibnl 

Of muscle there are two kinds, the striated and the 
unstnated. 

The umiriated muscle is composed of flat, elongate, spindle- 
shaped bodies, which contract slowly and remain in a con- 
tracted state for some time. They seldom are more than 
of an mch in length. They form muscles over which the 
animal has no control, and are thus called involuntary muscles 
This variety is prevalent m the lower animals, but is also found 
in all high forms of life. Each such muscle-cell has a distinct 
nucleus. 

Stnated or voluntary muscle consists of multinucleated masses 
called primitive bundles. It is composed of long cyhndncal 
flbres, about 7 ^ of on mch m diameter in mammahan muscle. 
Most or all of the cell protoplasm is converted into a orosa- 
stnped substance, due to alternate double and smgle refractive 
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powers. This striped or voluntary muscle is under the con- 
tiol of the animal will, and can contract with great energy. 
Almost the entire protoplasmic contents of the cells are con- 
cerned in the production of this voluntary muscular tissue. The 
cells become elongated into long fibres, the primitive bundles ; 
and the nucleus divides and forms numbers of nuclei, each 
fibre being surrounded by a membrane, the so called “ sorco- 
lemmo.” The sarcolemma is an elastic sheath. The primitive 
bundles also arise by the fusion of several cells. Muscular 
tissue, then, is cell-tissue modified for a certain definite object 
— ^namely, movement. There is certam stnated muscular tissue 
called cardiaa miLScle, which forms the walls of the heart, and 
which IS involuntary m action. Cardiac muscle is cubical m 
form, and has a little side projection from each area. 

4. Nervous Tissue is found generally with mascular tissue. 
It forms the seat of will and sensation, and is the means by 
which stimuli are carried to the muscles to cause their move- 
ment. The nervous tissue is supposed to have onginated from 
the ectodermal sense-cells found m the skm, and that, still re- 
maining united to the same, they have grown mwards, and have 
thus only in a secondary way become united to the muscle-cell, 
which IS prima fac%^ contractile. In nervous tissue there are 
two distinct elements — namely, nerve-^iellB and nerve^filamenU — 
which have separate structural differences. 

Nerve-cells are found m the bram, m the spmal cord, in 
the so-called ganglia of the lower animals, &c. ; they are really 
central areas for the nervous stimub. Each nerve-cell or gan- 
glion cell possesses a very distmct nucleus and nucleolus, and 
one, two, or more processes, when they are known as uni-, 
bi-, or multipolar ganglion cells. One root is always that of a 
nerve-filament. 

Nerve-fibres are of two kinds : one variety carries impulses 
— sensations — from the central organ (ceUs) to the penpheral 
organs, — these are called motor or secretory fibres; the other 
carries impulses from the periphery to the central organs, and 
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are known as sensory fibres. In most cases the sensory nerve 
are united at their peripheral end with the so-called “end 
organs ” in the skin, &c., these end-organs being derived fron 
the modified epithelial cells. 

Such are some of the modifications that ore assumed by cells 
m thp animal kingdom 

The lowest nnimolsj we shall see, possess neither tissues nor 
organs composed of cells, and yet each organism, although only 
a single cell, is complete in itself and reproduces a similar 
species. 

The Dipfbbhnois between Animals and Plants. 

Living bodies are divided into two groups called “king- 
doms,” the one the Animal Kmgdom, the other the Vegetable 
Kingdom. Although there are apparently great differences be- 
tween the two, yet when we come to exarame the lowest animal 
forms and compare them with the lowest vegetal forms wo 
shall observe so great a siinilanty that it is impossible to say to 
which kingdom they belong In fact, there is no hard-and-fast 
line to be drawn between these two organic groups. Such 
lowly creatures as Plasmodium and Volvox are treated by 
botanists as plants, whilst the zoologist mcludes them m the 
Protozoa ^ It -may be said, speaking generally, that animals 
are capable of free movement and that plants are fixed ; but 
when we examine some of the simplest forms of life this 
distmction will be found untenable. Animals are endowed with 
sensation, plants are not, as a rule ; but such plants as Drosera, 
Vmv£s jfy~trapj &c , surely have this phenomenon developed. 
Animals have their organs internal, their absorbent surface 
inside ; plants have external organs, and the absorbent surface 
also external. Tet the Tapeworms (Oestoda) obtam their 
nourishment by osmosis through the skm 

When we compare the tissues of an animal with the tissues 
of a plntot, then we observe greater differences. The cells 

^ 'A Syfltem of Medicine/ voL ii.Pt ii , article by E A. Mmchin — 
» Protozoa, ”p. 17, 1907 
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of tho animal are altered in form, whilst those of the plant 
retain more or less their original appearance. The cell-wall, 
too, of the animal is nitrogenous, that of the plant is non- 
nitrogenous. But all this only applies to the higher plants and 
animals : it cannot apply to those unicellular forms, where, as we 
see m Amoeba, there is no cell-wall at all. It is often thought 
that we can tell a plant by its green colouring matter, 
chloi opliyll^ but not all plants have this chromatic substance 
in their tissues ; whilst, on the other hand, some animals — such 
as Hydra, Bonelha (one of the Worms), and some sea-anemones 
(Adhnozoa ) — owe their green colour to the presence of this sub- 
stance. Cellulose is the substance that forms the cell-wall of 
plants, and is characteristic of tho vegetable kingdom ; hut we 
also find it in the “tests” or cases of those curious manne 
animals, the sea-squirts or Ascidtam. In the higher animals a 
substance known as choleaterin is found . this was at one time 
considered a purely animal component, but we now know that 
it 18 also found in at least one family of plants, the Leginmnoam 
or Pea and Beau family Generally speak mg, animals are nitro- 
genous, plants carbonaceous , but, as m the prior instances, this 
also will not invariably apply. There are no definite distinc- 
tions, then, between the animals and plants in regard to their 
chemical constituents. Perhaps the greatest differences are to 
be found in the metabohsm of organisms. We cannot feed an 
animal on purely inorganic food, whilst, on the other hand, we 
can so feed a plant Both must have salts and water, but 
whilst plants can he nourished with the addition of carbon 
dioxide and nitrates of ammonia, an animal must have nitrogen- 
ous and carbonaceous matter m some organic form and not in a 
mineral form. An animal absorbs oxygen and gives out COq ; 
a plant exhales oxygen which is derived from the absorbed CO2. 

Thus we see that there are differences between the plant and 
the animal, hut that many of them do not invariably hold good. 
There are forms of life which we may fairly say bridge over 
the great hiatus that separates the horse from the grass upon 
which it feeds. 
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IhH ClAflSIFIOATION OF AnIMALS 

The old method of classifying animals was to divide them 
into two sub-kmgdoius, known as the Invertehrata and the 
Vertehrata ^ — the absence or presence, respectively, of an in- 
ternal skeleton being the character upon which this division 
was based. 

Invertebiates are those animals which have no internal skel- 
eton ; but, of greater importance still, they possess no structure 
known as the notochord. The notochord is a primitive axial 
skeletal rod, found on the dorsal surface. In all invertebrate 
animals the nervous system is ventral — that is, it is always 
present on the lower surface of the animal ; whilst, on the 
other hand, the hcemal or blood system is dorsal, the ali- 
mentary canal or gut being situated between Invertebrates 
may possess a skeleton, but it is always external (exosJceletovi), 

Veiiehrates, on the other hand, always possess a notochord, 
and nearly always an internal skeleton, composed of an axial rod, 
the vertebral column, besides the cranium, and an appendicular 
^eleton — ^tbe limbs. The vertebral column — the backbone — 
and the cranium enclose the central nervous system, which is 
always dorsal, whilst the nervous system m mvertebrates is 
ventral The haemal system— the heart — is placed ventrally, — 
that IS, in the reverse position to that in which it is found m 
the former group. 

Just as there are intermediate forms between the animals and 
plants, so are there connecting links between these two primary 
groups of animala A small fish, known as the lancelet 
(AmpJmxus lanceolaius), found m the sands of the Mediter- 
ranean, has no proper mtemal skeleton at all, yet it has a noto- 
chord and dorsal nervous system. The groups of AscidianSf ox 
aea-sqiurts, are in their young stages distinctly vertebrates , for 
the young so-called Ajp^endiculana larva has a dorsal nervous 
system and an axial rod, but the adult Tunicate, as it is also 
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called^ is distinctly an invertebrate animal with no notochord 
and a ventral nervous system. 

How, then, can we distinguish these from true vertebrates ? 
At no time do they possess a brain or cranium as we see in the 
higher animals. They are called, therefore, Acrama, to dis- 
tingtush them from all the other vertebrates, which are known 
as the Chuniota. This was the most generally adopted primary 
grouping of animals, into Invertebrata and Vertebrata ; but for 
many reasons a more recent classification has many advantages 
over it. This latter is based primarily on the cell-structure 
of the animal By it the whole animal kingdom is divided 
into two primary groups, known as the Protozoa and Metazoa, 

The Protozoa are those animals of extremely simple organisa- 
tion, and whose bodies are composed of a single cell. 

The Metazoa constitute a group that mcludes the majority of 
animals. These are built up, not of one cell or a few cells, 
but of countless numbers of cells, which form the complicated 
animal tissues— muscular, nervous, connective, &c. This divi- 
sion ^vill be found to contain both invertebrates and vertebrates. 

The Protozoa form the first group of animals, the lowest 
organisms, single-celled creatures, which are, nevertheless, im- 
portant to us, as many of them produce diseases, such as liver- 
rot m rabbits, malarial fever, sleeping sickness, redwater in 
cattle, psorospermosis of the skin, &c., in man and his domestic 
animals. 

The multicellular animals, or Metazoa, are divided mto the i 
following groups, called classes — 

1. God&at&'ata^ or Jellyfish, Polyps, Sea-anemones, Coials, &a 

2. EcMTiodermata^ or Starfish, Sea-urchins, and the nearly 

extinct Searlilies. 

3. Vermes or Worms. 

4 Mollusca, or Shells. 

5 Arthropoda^ or the Jointed-limbed animals, as Insects, 

Spiders, Scorpions, and Crabs, &c. 

The above are all Invertebrate Metazoa. The Spongidce, or 
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Sponges, may belong to this division j but 'wliolher they are to 
be looked, upon as colonies of Protozoa, or Metazoa, there is 
some diversity of opinion. They seem to present most aflinities 
to the Metazoa, and should doubtless be included in the Inver- 
tebrate division of that group. 

6. The sixth class of Metazoa include the Asckltam, Tuni- 
cates or Sea-squirts, the AmpMoxus or Lancelet, and the wonii- 
hke Bdanoglosms, These form the connecting group between 
the Invertebrate and Vertebrate Metazoa 

The Vertebrate Metazoa are contained in live classes, 
muncly — 

7 Pisces, or Fish. 

8. Reptilta, or Snakes, Crocodiles, and Lizards. 

9. AmjphMa, or Toads, Frogs, and Salamandera 

10, Aves^ or Birds. 

11. McL7nmalicLy or Quadrupeds and Man. 

The above eleven classes of Metazoa may be grouped m two 
divisions, according to the absence or presence of a notocliord. 
Those without a notochord are called Acliordata^ those with 
a notochord Olicndata, llie latter, again, are divided into 
Acrania and Qianiota. 

The Aci'ama include, besides the Tunicatea, the worm-like 
creature called Balanoglosaiis and the quaint little iiali-like 
Amphioxus, These always have at some period of their life 
a dorsal nervous system and a notochordal rod winch extends 
nearly the whole length of the body , but the nervous system, 
which develops as an open canal (another character common to 
veitebrate animals), never expands anteriorly into a brain In 
fact, in general appearance Tunicates and Balanoglossua ore m- 
vertobrates, while Amphioxus foims another stage higher, con- 
necting the lower animals with the Fish. Amphioxus has been 
described by Couch and others as a fish. The Granioia, on the 
other hand, bave the anterior end of the nervous cord enlarged 
into a brain placed in a cartilaginous or bony box, the cranium, 
and are supplied with an internal skeleton. 

The groups of animals, then, may be tabulated as follows 
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PROTOZOA 

/ 


{ Sarcodlua. 
Mastigophora 
Sporozoa. 
lufoflorla. 
JiipongidaB. 

I Ccdenieraia 


Ee^iinodermata 


Platyhelminthea 

Nema^idmilnihLS 

Chaitopoda. 

Hiruditiea. 


{ Hydrozoa. 
Autlnozoa 
Otanuphoia. 

{ Echlnunda 2 \ 
AsterldcD. 
HoloUiUiIdoo. 

i Trematoda 
Cestoda. 
Nemertlnl 
Nematodii 
Acanthooepliala. 


AOHORDATA/ 

sslnverteb^tav 


Arthropoda 


/aciulHia . 


CHORDATA 
= Veitobrata. / 

\ OOAiriOTA. . 


\ 


V 


Perlpatns. 

Myrlapoda 


InlidoB. 

^ Scolopoudridte. 
f Molacoatracu. 

\ Entoinoslioca 
' Scorplonldte. 

Araiieldtc 
, Aearlno. 

^Colooptem. 

Uyuienoptera. 

Lepidoptara. 

DIptera 
Hemlptera. 

Neoroptera. 

Orthoptara. 

Tliyaanoptera. 

, Aptera 

f LamelR brantlilatau 
Goflteropoda 
Pieropo^a. 

Cephalopoda. 

Braolilopoda. 

^ Polyzoa 

f Hemlohordata ( Balo nogloasus) < 

\ UrochordaU (AwcldJaiiH) 

I Cex)halouhonluta (Ampliloxus) 

' rilnrslpolj’anclii! 

ElasaiubruudiU 
\ PiBcm • GonoideL 
Dipnoi 
^Teleostel 
Ophloiuurpba. 

• Anon re 
, Urodela. 
'Ghelonia. 
Ophidia. 
Lacortilia. 
^CrocodlUa. 
RatUei. 
i Oarinata; 

/Ornltliocltilpliia— Moi^utreniata, 


Crustacea 


Aroolinoldea 


Insocta . 
(Hezapoda) t 


MoUusca 
J (Proper) 

iMollnBooIdea 


IcJiiJiijopsidal 


SauropatdAi 


I Amplubla 


Ruptilia 


I Aves 


Didelpbia 


Mammilla < 


Mouodelphia 


=Maraupialia. 

/Edentata. 

I Slrenia. 

1 Cetacea 
I Ungulata. 

' ProboBcidea. 
I Carnivora 
Rodentlu 
Inaeetivora, 
GheiropUnu 
^ Frlujatua 
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CHAPTEE TL 

PROTOZOA. OE SmGLE-CBLLED ANIMALS. 

The Protozoa are the simplest forms of animnl life . they nre all 
of small size, of extremely simple coDstitution, and invariably 
imicellular. They are animals that have remained as simple 
cells, to all intents and purposes like the cell described in 
chap. i. Each cell is physiologically and morphologically 
complete in itself. Some forms of protozoa are simple drops 
of sarcode — protoplasm; others have not only a definite cell- 
wall, but possess the power of secreting calcareous and siliceous 
shells. These shell-bearing species, or Foramtmfera (fig, 3, iv, 
and V ), are present in mynads in the waters of the ocean, their 
tests ** or shells falling to the floor of the sea os the animals 
die. Many of these tests are dissolved before they reach the 
bottom, if the depth of water be very great; yet millions of 
others arrive safely upon the bed of the sea, and there by slow 
degrees they form a layer of a white or creamy colour. Of such 
formation is the globigenne ooze on the floor of the Atlantic 
and also the radiolanan ooze, — ^protozoa of the genera Glohigenna 
(fig. 3, v.) and Eadiolana takmg the chief part m the formation 
of these two oozes respectively. Of ancient rocks we know 
that some of the Chalk has been formed in a similar way, by 
the slow accumulation on the sea-bed of these and other faUuig 
tests. Not only do we find that the Chalk in many instances is 
built up of these minute organisms, hut also that their tiny shells 
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represent genera existing at the present day. What countless 
myriads of these microscopic organisms must he present in the 
chalk rocks of our !N^orth and South Downs alone, when we 
consider that thousands go to the square inch 

The Protozoa are divided into four classes : (1) the Sarcodina, 
(2) Mastigophora, (3) Sporozoa, (4) InfijLsoria. 

Saxcodina are protozoa in which the protoplasm is naked and 
which have no permanent organs of locomotion, but temporary 
processes called paeudopodia 

Mastigophora are more or less of definite form, and have one 
or more permanent organs for locomotion or food capture in the 
form of flagella in the adult. 

Sporozoa are internal parasitic protozoa which have no organs 
of locomotion or for the capture or digestion of food. They 
reproduce only by some means of sporulatiom 

Infusoria are provided with cilia for locomotary purposes. 


CLASS L SAEOODINA. 

Although Amoeba is specially referred to here it is only in its 
resting stage that the typical body form is realised, as Sarcodina 
are typically simple spherical bodies, such as the Eadiolaria and 
Heliozoa, which float freely on the surface of water and have 
pseudopodia radiating from them in all directions. But in the 
Mycetozoa — semi-terrestrial protozoal masses which live on rotten 
tree-trunks, fungi, &c. — the protoplasm forms large creeping 
masses called plasmodia^ — the latter including the well-known 
parasitic disease of Cruciferous plants, “ Finger-and-Toe,” pro- 
duced hy Plasmodiophora biassiccB of Woronm- 

These Sarcodina are divided into five sub-classes, the Amoehssa 
(fig 2), the Foraminifera (fig 3), the Mycetozoa, the Eadiolaria, 
and the Hehozoa. 

We need only refer to the first here. 

B 
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AMCBB^A 


Sub-Class AJMECEBiSA. 

Tlie AmcebfiBa are divided into the Lohosa-nuda and the 
Eeticulosa. The former include the Amoebm (hg 2). 

Amcsha is a simple unprotected mass of protoplasm or sar- 
code, which may he found in damp earth and in water. In 
appearance it resembles a small speck of transparent, structure- 
less jelly. If this speck is observed under strong magni- 
fying power, it will be seen to move by throwmg out httle 
fingernshaped processes, the pseudopodia (Pm). This simple 
organism is apparently composed of two layers, a granular 
layer inside and a clear transparent layer on the outside . 
the former is known as the endosarc and the latter as the 
ectosarc. These two layers must not be mistaken for two 
distinct membranes, for they are continuous — only certain 
granules collect towards the interior. When the pseudopodia 
(Psu) are thrown out we shall see, if we watch carefully, 
that the granules flow up the centre of the processes as they 
elongate. Three other bodies are to be noticed in this mmute 
creature : first, a small dark oval spot, with a clear border and 
permanent in shape, situated in the endosarc ; this is the nudeus 
(w), and it will be found to stain dark-red with picro-carmine. 
The nuclear substance or chromatin here is a single mass, but it 
may be divided into portions, yet it can always be distinguished 
from the body protoplasm or cytoplasm There will also be 
seen, oontractmg and expanding, a clear space in the ectoplasm , 
this is the so-called “pulsating vacuole of which there are 

two in some forms of Protozoa (ParamoRcturn) The pulsating 
vacuole la said to he an excretory organ, for uric acid and 
water have been extracted from these minute cavities. These 
vacuoles may he looked upon as both respiratory and excretory. 
LfOatly, there are present a number of so-called “ food vacuoles ” 
{Fv\ spaces surroundmg the particles of food ingested by the 
amoeba. This proteus - animalcule is neither provided with 
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mouth nor anus The food can be taken m and expelled at 
any part of the body. This process can easily be watched if 
particles of indigo are placed m the water surrounding an 
amoeba a speck of indigo will be found to be drawn to the 
protozoan by a psoudopodium, and then it can bo watched 
gradually sinking into the protoplasm until it roaches the 
endoaarc, where it remains whilst the substance (if an organism) 



! Large specimon, showing stmotare 11 A smallei apeclnien in process of divlslou 
ill Later stage of 11 a and n, nucleus , h and ov, oontraotilo vacuoles , Fv, food 
vacuoles , Psu, pseudopodla (All greatly enlarged ) 

18 digested, the waste part being expelled through any part of 
the animal The food consists of organisms still smaller than 
the amcehfB are themselves. The granules in the endoplasm 
are regarded as stages in the upward or downward metabolism 
of the material of the body Amooha reproduces by the 
pnmitive method of “fission” or division The nucleus of 
the amenba divides into two (fig 2 , ii and lu , a), and one of 
these nuclei, suiTounded by part of the original protoplasm, 
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nNGER-AND-TOB, OR CLUBBING. 


breaks off and floats away ; thus one amosba becomes two. 
This division may go on until one amoeba has given rise to 
hundreds. But by degrees each amoeba becomes smaller and 
smaller, and they would eventually die out. To counteract 
this, what IS known as rejuvenescence ” takes place Eeju- 
venescence is the union or conjugation of two amoebee, whose 
protoplasm unites together, together wit]/ the nuclei, forming 
one larger individual, which is agaui in a fit state to undergo 
once more rapid division. This conjugation is really a kind 
of primitive sexual reproduction, although there is, as far as 
we oan see, no difference between the conjugating individuals. 
At least four species of amoebae are parasitic m man, and 
are spoken of as Entamoaba, two of these are of no special 
account, but the Amoaba coh (Losch) and the Amosiba hiBioly- 
tica (Schaudinn) are. The latter is the cause of tropical 
dysentery, and is found in man's intestines, and even the 
liver and kidneys. None are so far known to attack animals 
or plants. 


Retiouloba. 

The Eeticulosa are naked amoeboid forms with slender, fila- 
mentous, net-like pseudopodia. 

The well-known parasite of Finger-and-Toe or Clubbing 
belongs here. 


Fingbb-and-Tob, or Clubbing 

I 

(PlasmodiopTiora brassicw. Woronin ) 

This disease occurs in cruciferous plants, both wild and 
cultivated. It frequently causes great loss in turnips and 
cabbage. The roots of the attacked plants and rootlets will be 
found to be swollen and spindle-shaped , and smooth, others as 
large gnarled masses. The attack commences m the young 
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plants, from minute flagellulas released from the countless 
spores in the soil entering the cells of the roots, where they 
become araoBbuhe, and are found, often several together, in the 
parenchyma cells, feeding on the sap The plant-cells mul- 
tiply and become abnormally swollen, and many hypertophry 
Shortly the amoebuliB in each cell fuse together and become a 
plasmodium Later the nuclei of the plosmodium break up 
into chromidia, part being destroyed, part reconcentrated to 
form generative nuclei. These divide by karyokinesis, and 
then the protoplasm collects around the nuclei to form small 
uninuclear bodies called gametes, which fuse m pairs. The 
resulting zygotes then become surrounded by a tough wall to 
form round spores, winch pass into the soil on the decay of the 
plant, and later give nse to the minute flagellulse from which 
the attack originates. 

The plasmodium seen in the cells is a yellowifeh stringy slime, 
which may wholly or only partially fill the cell By October 
this plasmodium has broken up into spores which closely pack 
the swollen cells. 

Prevention and Treatment—lt is very important after an 
attack to have as far as possible all cabbage stumps and all 
diseased material burnt. 

Land subject to this disease should he heavily limed, the 
lime being in as finely divided state as possible As it only 
attacks cruciferous plants, ceasing to grow them on the land 
for two of three years will check it materially. 


CLASS II. 3VlASTIGK)PHORA. 

These have one or more permanent organs serving for loco- 
motion or for capture of food, in the form of flagella, in the 
adult stage. They are divided into four suh-cla^ses 1 Elagel- 
lata, 2 Dinofiagellata , 3 Cystoflagellata , and 4. Silico- 
fiagellata. 
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The family Trypanosomaiidm are the most important, and 
they belong to a division of the Flagellata known as Mona- 
didea, small protozoa of simple stmotuie with one or more 
flagella. Those parasites are the cause of Sleepmg Sickness 
in man, of Nogana or Tsetse disease m stock, of Surra -in 
horses, the Mai de caderas and the Dounne of horses Trypa- 
nosomes (fig. 4) are speciaUy characterised by possessing an 
undulating membrane. They are more or less spindle-shaped, 
and along one side runs the undulating membrane Near one 
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end of the cell is found the micronucleus or centrosome. 
The flagellum arises from this body and runs along the free 
edge of the membrane to the other end of the cell, and 
contmuea on as a free flagellum, hut it may end with the 
termination of the undulatmg membrane The true nucleus 
or macronucleus is placed near the middle of the body. In 
the genus Trypanqplaama (Lav et Mean ), the centrosome 
is large, and there are two flagella, one at each end of the 
body. 

With but few exceptions Trypanosoma and Trypanoplasma 
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are blood parasites, and occur free in tbe blood plasma, never 
within blood corpuscles. All the latter are blood parasites, but 
some of the Trypanosomes may be found in lymph and other 
serous fluids Largo numbers of these protozoa occur in the 
blood of mammals, birds, reptiles, fish, &c., but most are not 
harmful to their hosts Soipe, however, are markedly patho- 
genetic, including the following : — 

Trypanosoma hrued (Plimmer and Bradford), producing 
Nogana in horses and cattle in Africa ; 

T eguiperdum (Doplein), the cause of “ Dounne ” in horses ; 
T evansi (Steel), the “ Surra ” of horses and cattle ; 

T. equimim (Voges), the agents of “ Mai de caderas ” in horses 
in S. America , 
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T (jamhiense (Dutton), the parasite of Sleeping Sickness and 
Gambia Fever in man in Africa , and 

T, cruzi (Cruz), which produces “Basilero” m man m S. 
America. 

T hrucoi occurs as a natural parasite in wild game, such as 
buffaloes, antelope, &c , in Africa, and does no harm to them , 
in S. America T, equinum is a natural parasite of the Capybara, 
but directly they get to horses and cattle their evil effects are 
felt Trypanosomes have a secondary host, which is an inverte- 
brate, which acts as an intermediary between the vertebrate 
hosts, with one exception — namely, T, equiperdum^ which is 
said to be transmitted by means of coitus. 
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SPOROZOA. 


The intermediate host of these parasites of terrestrial verte- 
brates are blood-siickmg insects, Tsetse-flies (Glo8smcB\ m Africa, 
and a Bug {Gonorhinibs Tnegidus) is known to be the secondary 
host of Basilero The secondary hosts of the parasites of aquatic 
vertebrates are leeches, 

Reproduction is sexual and asexual, the sexually differentiated 
forms — * fi., male and female — may, however, multiply by fission. 
The three types become fully differentiated only in the mverte- 
brate host The males are of more slender form than the females, 
and have a longer free flagellum. Parthenogenesis occurs in the 
females. The sexual forms conjugate • this may take place in 
the blood of the vertebrate, but it is abortive. True maturation 
takes place in the gut of the mvertehrate host. 

SjoirochcetiB , — ^Theae are closely related to tlie former, but they 
resemble very minute slender threads, wavy or spirally twisted 
in form, and have a narrow imdulating membrane, but no 
flagella (fig. 4, b). There are several important parasites in 
this group : one, S, dbenrmeri (Cohn), produces human relaps- 
ing fever m Africa, and is earned by Ticks ; another, 8. rjallwr 
amm (Marchoux and Simond), produces spinllosis in fowls m 
S. America. European relapsmg fever is apparently carried by 
the Bed Bug Eowl SpirochBBtes especially by Ticks 

of the genus Ar^os. 


CLASS m. SPOROZOA. 

Another very important group of protozoa parasitic m both 
vertebrate and m vertebrate ammals ai’e the Sporozoa (fig. 5) 
These protozoa are capable of produemg serious pathologic^ 
disturbances, often leading to death. 

There are three orders m this class. 

I The order Gregarinoideu which are only parasitic in 
invertebrate animals, and need no further notice. 
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IL Another order of Sporozoa are called Coceidiidm^ which 
transform themselves into egg-shaped zoosperms by the forma- 
tion of a capsule and the production of several large spores from 
their granular contents. 

Ill The third order are the Hmnosporulea, 
Disoase-^oducing Sporozoa — Four well-known maladies are 
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produced in birds, animals, and man by these low forms of life 
— namely, coctidioBis, or “ bver-rot,” in the rabbit, &c. ; psoro' 
sperniosis of the skin m many animals, and especially birds 
— the so-called “ canker of pigeons , piroplasmosis^ in cattle, 
dogs, &c , such as Red water, and East Coast fever in cattle ; 
and malignant Jaundice m dogs, and the Malarial fever 
of man 
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THE COCOIDIID^. 


The CooGiBiiDiB 

These are parasitic in the epithelial ceils, and always wibli 
distinct alternation of generations — namely, endogenous non- 
sexual schizogony and exogenous sexual sporogony The epi- 
thelium most usually attacked is that of the gut and the 
liver 

Goccirhosis is a common complaint affecting the liver of the 
rabbit, and is produced by the species known as Goccidium 
ovifonne (fig 6) This sporozoan is ovoid when adult, and 
enclosed in a double-contoured shell from 30/^ to 60/^ long and 
from 20/^ to 28/^ broad These extremely minute bodies become 
encysted, when we observe that their protoplasmic contents 
separate away from the cell-wall and form a central round or 
oval mass (/). Both adult and encysted stages may he freely 
detected m the liver, in the white and yellow patches which are 
characteristic of the disease !Mow if we collect numbers of 
these encysted forma and place them on damp sand in a warm 
temperature, we shall soon observe by microscopic examination 
that the central protoplasmic hall S 2 >lits into two and then four 
(l 7 and h). This is a kind of segmentation or division, the 
round bodies being known as “spoi oblasts ” These sporoblasts 
elongate, expand at each end, and are seen to he siurounded 
by a thin membrane, within which is also seen a granular lump 
Each of these “sporoblasts” really contains two spores, the 
falciforpi spores (o), described m a typical sporozoon — in fact, 
the so-called sporoblust is a pseudo-navicella. Each falciform 
body gives nse to a little flagelloid creature. This form migrates 
from cell to cell of the animal’s hver, encysting and producing 
more spores, and so rapidly increasing the area of the disease 
It is supposed that these sponferous cysts are carried with 
dust, &c , and hence get taken into the mouth with food, 
eventually reaching the liver. The sporocyst ruptures through 
the action of the pancreatic juice, the gastric juice having no 
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effect upon them, and the sporoblasts appear , these latter 
burst and discharge the spores or falciform bodies, which 
become active, and are said to ascend by the ductus cholo- 
dochus to the epithelium of the liver and bile-duct Here 
the germs, having entered some of the hepatic cells, cause 
these cells to rupture, and they may even destroy the walls 
of the bile-duct itself They finally encyst, pass out into the 
intestine, freed by the breaking up of the tissues in which 
they are embedded, and so out to ground by the anus of the 
diseased animal 

Their presence causes the hver to swell They are detected 
by the creamy cystic areas, varying in size from a millet-seed to 
that of a pea They are often so abundant that the cells of the 
liver atrophy, and cheesy-like masses appear not only in the 
liver substance but in the bile. These prurigerous masses on 
microscopic examination are found to contam numbers of coc- 
cidia. It may possibly be taken for tuberculosis unless carefully 
examined The walls of the intestine may be invaded as well 
as the liver A large number of wild and tame rabbits carry 
this disease, but unless they get mto unhealthy conditions no 
harm results, but if they are overcrowded and badly fed and 
kept in a dirty state they soon succumb to this disease. Plenty 
of dry food and cleanliness will prevent any serious outbreak. 


CoooiDiOBia IN Poultry. 

An infectious protozoal disease occurs in poultry and game 
birds, called “blackhead,” “bluehead,” white scour, and white 
diarrhoea, and often causes much loss amougat turkeys and fowls 
in Europe and America. It is caused by a minute coccidium, 
called Eimeria avium^ which lives and reproduces in the lining 
of the ahmentary canal — especially attacking the two blind 
c80ca, and also invades tlie liver, where it forms, as in the emea, 
white cheesy masses, resembling tubercle. The disease is 
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spreail by means of the bird's droppings, which contain thi 
ejected parasites, other birds picking the protozoa up witl 
soiled food. 

Frequent change of ground is necessary whore this disease 
is prevalent, and all dead birds should bo burnt. 

Fantham recommends the following treatment • ten to fifteen 
grains of crude catechu are dissolved in one gallon of water, and 
this 18 given the birds to drink for ten day a 


H^ospoEroiA. 

These protozoa have an alternation of generations correspond- 
ing with an alternation of hosts • the non-sexual stage is passed 
111 the blood of a vertebrate, the sexual sporogonous stage m 
the gut of an invertebrate. They are all parasites of the blood 
of animals and man, and have risen into great prominence from 
the fact that they are the cause of malarial fevers in man and 
the devastating cattle diseases, such as East Coast fever, Eed- 
water or Texas fever, and the fatal malignant jaundice of canines. 

The malarial fevers are earned by several species of mos- 
quitoes belonging to the Anophelinse, the cattle and canine 
fevers by Ticks {Ixodidm) 

Only two genera of Haemospondia need be mentioned here — 
namely, PlasTnodimn^ which contains the malarial species, and 
PtroploBma^ which contains the animal fever parasites. 


PiROPLASMOaiS. 

This latter genus contains ' several species parasitic in the 
blood of mammals (fig. 6 ) These species are so closely related 
that they can scarcely be distinguished from one another, save 
for the fact that they occur in different hosts. The diseases 
these blood parasites produce are spoken of as 'piroplcL&moBes. 
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In acute form the chief symptom la hfemoglobiniiria, caused 
by the destruction of the red blood corpuscles. 

Rcdwater — This is one of the best-known diseases caused by 
PiroplasnioB It is also spoken of as Texas or Southern fever in 
America. This is caused by the parasite Pvroplasma 'big&inina 
(Smith and Kilborne) The species producing European Hed- 
water is the same Tlie. parasites occur during one period as 
pear-shaped bodies in the blood corpuscles, 1 3 to 1 5 m 
length, and in this species two occur in each corpuscle. They 
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may appear as rod-shaped bodies. Tree forms also occur in the 
blood and sometimes a flagellate form. They mcroase in the 
blood corpuscles by binary fission. Ammals with these para- 
sites may be immune, but their blood injected into other 
animals will cause the disease Relapses also take place. The 
intermediate hosts of this disease are the Ticks (Ixodes ricmm) 
and (RMpocephalus (BoopHluis) minulatus). The malignant 
jaundice in dogs is caused by Pircypl(mna cams, the East Coast 
fever by P. parmtn, another id found in the horse, P egui — 

2737 <i30’2,9l 
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all these have intermediate Twk hosts {mde Ticks). For in- 
formation concerning other forma, such as P. parvim (Theiler), 
the parasite of East Coast or Rhodesian fever, the P cants^ 
causing malignant jaundice in dogs, and P eqiLi in horses, the 
student is referred to Professor Mmohin’s recent work on 
Protozoa,! 


Malaria, 

The malarial fevers, our old Een ague, are produced by 
species of Plasinodium (Maichiafara and Celli) ; other species 
also occur in mammals and buds. In all cases the agents of 
transmission are mosquitoes or CulicidsB , in the human malaria 
only certain Anophelino Culicidse can carry the parasites. There 
are three species (1) of Tertian fever (P vwax)y (2) the quartan 
parasite (P. malarice\ and (3) the pernicious or tropical species 
(P. immaculatumy One marked character of these is that they 
produce a black substance colled Melanin. The parasites are 
injected into man’s blood by the Anophelme mosquito, and 
then enter the red corpuscles, feed, grow, break up into spores, 
and destroy the corpuscles , the spores enter other blood cor- 
puscles, and so the fever is set up. The Anophelme, whilst 
taking man’s blood, injects the parasites with the saliva, and 
the ^ect at the same time obtaius other forms from the blood, 
and a male and female stage is formed in the insect. The male 
throws off portions which conjugate with or fertilise the female 
parasite, which then wanders into the walls of the stomach, and 
later, on the outer wall, gi'OAVs to a great size and eventually 
breaks up into a large number of elongated spores, which enter 
the salivary glands of the mosquito. In man, therefore, we get 
asexual spore -formation (schizogony), in the mosquito sexual 
generation ending in sporogony 

^ An Introduction to tbe Study of the Protozoa. By E. A Mmchm, 
M.A 1912, 
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CLASS ly INTUSORLA. 


The Infusoria are Protozoa which are provided with cilia for 
locomotory purposes. They have also a vegetative macro- 
Bucleue and a generative micronucleus. 

At one time the Flagellata were included in this class. 

There are two suh-classea — (1) Gilmta and (2) Suctoria 

In the first the cilia occur during 
the whole active life of the adult, 
but are not found when they are 
encysted In the second, cilia are 
only present during the larval stage, 
their place being taken by suckers 
and tentacles None of the latter 
are parasites on metazoa The 
Ciliata are the most complex of the 
Protozoa, and several occur as para- 
sites in metazoa. In form they are 
typically ovoid, one pole being 
directed forwards m swimming, 
whilst m creeping species the body 
is flattened , others, as the Pell 

ixttwUDiiou. , wuiacxa, uxiw pBOlldO anUB , W, HUOleUS, VO, 

Animalcule (VoiHcella), are fixed ooutr^ttie vacuoiw, p, 

' (Stein) (From Par Die Aul , 

by a stalk They are of definite Neumann) 

form, the body being enclosed by 

a outicla In this cuticle is an opening, the cystotome or mouth,' 
and there may he a definite anus or cytopyge The mouth is 
merely a pore passing through the ectoplasm. 

Giliata reproduce by fission or budding (gemmation), and also 
when encysted by sponilation. 

Parasitic forms encyst when out of their host, and then can 
remain dormant until taken up by another liost 

Those that are parasitic occur in the digestive tract and other 
internal cavities, but never as tissue parasites There are four 
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Qrders — (1) Holotricha, in winch the cilia are of even length 
and spread all over the body ; (2) the Eeterotncha^ m which 
a special adoral zone of larger cdia is always present , (3) 
Hupotricha^ which aie creepiiig forma and flattened (not para- 
sitic) ; and (4) PeritHcha^ which are fixed forms like Vorticella, 
without locomotor cilia. 

Balantidum coli (fig 7) is one of the Heterotricha. It is 
found in the rectum, &c., of pigs and man. These white 
ciliata are found as free-awimniing bodies in the rectal matter. 
They pass out on the dung and encyst. When food becomes 
soiled by excrement they are taken into the alimentary canal. 
-Another species, B minutum^ has also been recorded in man. 


Neobporidia. 

I'antham defines these as follows “A typical member of 
this sub-class is a parasite of which the life- cycle is initiated by 
the liberation from the spore of one or moie amcebulaa within 
the body of the host, in the digestive tract, in all known cases. 
For this initial amoebula phase the term planont (wanderer) 
may be conveniently employed, since in no ease does it remain 
m the lumen of the digestive tract, but penetrates into the 
wall of the gut and in most cases migrates thence into some 
organ or tissue of the host, where it lives and multiplies actively, 
being usually at this stage an intracellular parasite, m some 
cases, however, occurring free m the blood or lymph.” They 
are divided into four orders, one of which, the Microspondia^ 
are mainly parasitic m insecta Two well-known insect diseases 
are produced by species of this group, namely (1) the Silkworm 
disease or pebrme, caused by Nosema homhysis^ and the (2) 
Isle of Wight Bee disease, by Nosenia apis. 

The often fatal “pebrme,” so ably investigated by Pasteur, is 
infectious m two ways . (1) the contamination method — that 
is by the silkworms eating soiled leaves, and (2) the hereditary 



NEOSPORIDIA 


33 


method, that is by the parasites penetrating into the ovaries of 
the moth and so into the ova 

Enough has been said of this group of simple animals, the 
most rudimentary forma of animal life that exist, to show that 
they are of some considerable importance, not only to the 
farmer and poultryman but to man in general, and that a 
knowledge of their habits and life - histones is not only of 
interest but of very great economic value to us 

Numerous non - parasitic protozoa occur in the soil and 
apparently play no little port in its fertility. 


O 
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CHAPTEE HI. 


SPOITGES, OCELENTEBATES, AiTO ECHINODERMS. 


A NUMBER of animals come m iDetween the Protozoa and tlio 
Vermes or Worms, including the Sponges, Jellyfish, Sea-ane- 



PIO a- Ths Common St*»™h {UrmUr rute«) (From NIal,o1»on ) 

mones, mi also the so<iaUed Echmoderme or the Starfish 
ea-urchins, and Sea-cucumhers which are united into one 
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class known as the Ecliinodcrmata All these animals are 
manna They are characterised hy their radial symmetry 
They have generally a hard calcareous exoskeleton, which may 
bear calcareous spmes Withm the tests are placed the fully 
developed alimeutary canal, and the water-vascular and repro- 
ductive organa The starfish, &c , reproduce sexually. The 
ova produced give rise to curious larval forms, quite unlike the 
adult 

The group must be summanly dismissed here, as they are Of 
no importance to the agriculturist, except m the case of starfish 
(fig 8), which are sometimes employed as manure, the so-called 
“ five-finger ” manure, m neighbourhoods near the coast. 



CHAPTEE IV. 


WOEMS. 

Worms are moat variable in form, habits, and structure. Tliey 
are of great interest^ owing to their often complex life-histories. 
To man and bis animals they are often deadly enemies, giving 
nse to such senous and often fatal diseases os Filaiiasis^ 
Trickinomy Miner’s Disease, Btrongylomy and Tceniom Nearly 
every animal harbours one or more vermiceous guests. Some 
seem to occasion little or no inconvenience to their host, whilst 
others, if not fatal, are most annoying. Some hve as parasites 
in the blood {Hmmatozoa)^ others m the alimentary canal 
(Tapeworms), others m the liver (Fluhes), and even m the eye 
(FiLaria oc^is). There are also worms, such as the earth- 
worms, that are of the greatest service to man, helping to 
fertihse the soil Worms may be found in a great variety of 
places. Large numbers are marine , others live m fresh water ; 
yet others upon land, m damp earth, moss, and m excreta It is, 
however, those that lead a parasitic existence, living m some 
other animal or plant, that we shall have to consider most fully. 

Worms are bilateral animals with unsegmented or segmented 
hodiea They never possess any jointed lateral appendages, 
such as we shall see m the group (Aiiihropoda) that mcludes 
the insects and spiders A dermal muscular system is de- 
veloped, and there are present paired excretory tubes or canals. 
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The bodies of worms are typically elongated, cylindrical, and 
soft, adapted to live m damp media. We can always dis- 
tinguish a dorsal or upper and a ventral or lower surfaca 
Some worms are flat, and are known as Platyhelminthes , others 
are round, and are called NemaiJielmint'hes • these round worms 
are never segmented. A third group are round or nearly so, 
and are more or less segmented ; these are known as Ohoetopoda 
and Hirvdtnea. 

In the more highly developed worms the two antenor seg- 
ments unite to form a head. The skin is very vanable, and 
covers a strong muscular layer or coat. The cuticle, or outer 
layer of the skm, may become very thick, and then forms 
a kind of exoskeleton. The layers under the skin, the true 
cfuiis^ contain circular and longitudmal muscle-fibres : these pro- 
duce a thick layer, and enable the worms to move with great 
power by their muscular contractions. The internal organisa- 
tion of this class of invertebrates is also very vanable. In such 
worms os are parasitic and live on the juices of other animals, 
the alimentary or digestive canal may be absent {Oestodes), 
nutrition then takes place much as in plants — namely, by the 
jiroceas of mdomnom ; the nutritive fluids are absorbed through 
the skin When an alimentary canal is present we find that 
the mouth is always ventral, and that there may {Ne^matodd) or 
may not (Tr&maioda) be a posterior exit, the anus. The mouth 
generally gives rise to a muscular pharynx, which opens into 
a well-developed stomach, followed by an intestine of very 
variable length and structure, a short rectum uniting the latter 
with the anus 

/ 

In the worms we find a well - developed neroouB ayst&rru 
In the most simple form seen m these invertebrates there is 
only a single or paired mass of nerve-cells, the so-called gangha, 
over the gullet or oBSophagus. These ganglia are called the 
“brain,” and from them proceed nerve-fibres, some going an- 
teriorly to the sense organa, others posteriorly to the skin, 

In Chsetopods, arising from the ventral or sub- oesophageal 
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ganglion, are two nerve-stiands these in each segment of th 
worm swell out into two ganglia, which are united by conned 
mg nervous matter called commissures. This chom of gangli 
and the nerves attached form the ventral nerve-cord. 

Eyes, auditory organs, and tactile organs are sometimes unitec 
to the nervous system, forming primitive seme organs 

A vascidar system is present m some groups, such as th« 
Ghoetopoda, Nemertinea, and Kimdinea, The blood is gener 
ally yellow or green, sometimes quite clear, and occaaionallj 
red. It 18 red in the earth-worm, in which the vascular o] 
blood system is best studied. It consists of dorsal and ventra 
blood-vessels united by lateral vessels, and it is also provided 
with paired swollen trunks called “pulsating” or “blood 
hearts ” Worms respire through the whole body surface, 
except in some marine Ohcetopoda^ which have specially modi 
ficd branched gills found at the base of the limbs. Excretory 
m'gans are also present, consisting of paired canals called 
“nephndia,” which may open by a single pore {Nemododa) 
In the segmented worms, like the earth-worm, these nephridia 
are paired in each segment. The nephridia, which are the 
equivalent of the kidneys m the higher animals, open into the 
mtenor or body cavity of the worm by a ciliated funnel, and to 
the exterior by a small pore on each side of the segment. 

Both sexual and asexual reproduction take place in worms — 
asexually, by fission and gemmation, amongst the lower forms 
In many cases both male and female organs are found m the 
same individual, when it is known os on hei'-rmpTirodite This 
we con readily observe in the earth-worm Many othem (most 
of the liTematoda) have the sexes in separate individuals, the 
male being, as a rule, much smaller than the female. Both 
direct and indirect development take place. Many species pass 
through a metamorphosis, the egg giving rise to a larval form, 
which by a series of changes asaimies the adult condition. In 
the parasitic species two hosts are often requisite for develop- 
ment, and m these parasitic forms the embryonic stage is some- 
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times capable of asexual reproductiou, when the metamorphosis 
assumes a complicated alternation of asexual and sexual generar 
tions. The Tiematodes or Liver-flukes, and the Gestodes or 
Tapeworms, have this phenomenon in their hfe-cycle 

The worms are divided into several classes. The four most 
important here are • — 

(i) PlatyTiehmntliea, (ii) Nemathdminthes, 

(m) Ohcstopoda. (iv) Hirvdimcu 

(i) The Platyhelmintlies are Flat -worms with elongated 
bodies and cerebral ganglia , they are provided with suckers 
and hooks. Most are hermaphrodites. They are grouped m 
five orders • — 

(a) Turhellana (Planarians, &c.) These are of no agiicul- 
tural importance. 

(&) Trematoda (Flukes). Parasitic, and produce various 
diseases m animala 

(c) Gestoda (Tapeworms). Purely parasitic, in man, animals, 

and birds, often with comphcated hfe-hiatory. 

(d) Nemertinea, Parasitic only m Mollusca and Crustacea. 

(e) MesozoOit^ 

(u) The Neinatlielininthes are Eound-worms, with tubular, 
cylindrical, or filiform bodies. The anterior or head region is 
either armed with hooks or papillae, and there may be hooks on 
the posterior end of the male. Sexes separated. There are three 
8uh‘ classes — 

(a) Nematoda (Thread-worms) Many of these round thread- 
worms are most injurious to animals, birds, and 
man, hvmg as parasites in various parts of the 
body. 

(&) Acanthoeepliala, a small group of Nemathelmmthes found 
parasitic m man and some animals. 

(c) NematojohOTOy which are partially parasitic in insects. 

(ill) The Ohaetopoda are segmented worms with a so-called 
“hi am,” an oesophageal nerve-ring and a ventral nerve-cord, 
and a closed vascular or blood system. They form the highest 
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group of worms, and are, as a rule, free living, some are par- 
tially parasitic There are three sub-classes : — 

(a) FolyclicetcB. Marine worms only. 

(h) OUgochcstcB Ecirth- worms, &c. 

(c) Myzostomana, 

(iv) Hiradinea (Leeches). These are partially parasitic , 
they have no parapodia, and are armed with a ventral 
terminal sucker for attachment, and also with an oral 
sucker. They are hermaphrodites, hke the Earth- 
worms. 

The worms for us to consider — that is, those havmg a heanng 
on agriculture and horticulture — are the Trematodes or Livei> 
flukes, the Geatodea or Tapeworms and cysts, the Nematoda or 
Thread and Whip worms, and the allied Acardihocejphalce^ the 
OligochcBtcB or Earth-worms, and the ecto-parasitio Hirvdtnea or 
Leeches. 


I. PliATrHELMINTHBS OB ElAT-WORMS. 

The Flat-worms are mostly parasitic, such as the Flukes and 
Tapeworms They may or may not be segmented, and are 
usually hermaphrodites. Their bodies are flattened dorso-ven- 
trally , in very few is an anus present. Two hosts are generally 
necessary to complete their life-cycle, and the sexual form may 
attam a great si^e Both sexual and asexual reproduction take 
place, the development often being accompanied by a compli- 
cated alternation of generations. The parasitic species are all 
provided with suckers, and most of them with hooks for attach- 
ment to their host. They are mostly ovipoioua 

The Trematoda or Flukes. 

The Flukes or Trematodes are parasitic worms with unseg- 
mented, usually leaf-shaped, flat bodies, resemblmg somewhat 
a ^‘Flat-fish” in form. They possess a mouth surrounded by 
an oral sucker, and also a ventral sucker, but no anus. Most 
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Trematode worms go through a kind of alternation of genera- 
tions, and live in two distinct hosts during their life 
cycle - 

W e can distinguish two groups of Flukes — (1 ) the Distomata^ 
which have two suckers and no hooks, and present an alter- 
nation of sexual and asexual generations, — the asexual phase 
always taking place in some mollusc, (2) The Folydomaia^ 
which have two small lateral anterior suckers and one or two 
posterior suckers. Hooks, usually two in number, are also 
present. There is no alternation of generations, they hve out- 
side or upon their host (ccto-parasites) mstead of ihtemally 
(endo-parasitica or entozoa), as is the case in the Distomata. 

StTTJLcture of a Ti ematode, — A typical fluke, such as the 
Sheep-fluke {Distomum has a bifurcated alimentary 

canal with simple or ramifying branches, and terminates in a 
ad de sac, there is thus no anus. The excretory apparatus 
consists of a network of fine tubes which converge into canals , 
these become gradually larger, and end m one or several longi- 
tudinal vessels, which finally culminate in a dilated pulsatmg 
vesicle that opens to the outside by a pore, the caudal foramen. 
The Distomwm are hermaphrodites. The male organs are two 
tubular testes, that unite into a “cirrus” or penis, which is 
surrounded by a sheath. The female organs consist of an ovary 
and oviducts. Attached to the ovary ai-e two glands known as 
the “ albummous glands,” which secrete a granular fluid. There 
is also a shell-gland, uterus, and vagina, which open by the 
vulva close to the male organ. The ova of the fluke are foimd 
in the uterus, where they undergo the flrst stage of develop- 
ment — namely segmentation A nervous system is developed, 
consisting of two sub-oesophageal ganglia united by a trans- 
verse commissure, and a single sub-oesophageal ganglion joined 
to the others by two lateral commissures, and a few nerve- 
filaments 

^ These are now spoken of as (i) IHgcnca^ and (u) Monoqenea 

^ This IB often called Faaoiola hepaiioa 
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Trematodes are found in the intestine, hiliary canals, bladdf 
respiratory apparatus, and in the sub-orbital sinus of birda Oi 
of the most important is the Liver-fluke {Distomum Tiepaticuih 
which produces the “ liver-rot ” in sheep or the so-oaUed did 
maiom. Another species, also found in the liver region of tl 
sheep, IS D lainceolaium^ a smaller and more pointed speciea 
The Liver-fluke {D. liepaticwn) (fig 9).“^The body of th 
destructive fluke is leaf-like, flattened, and of an irregular pal 
brown colour It is about an inch m length and half an me 
across at the widest part; it is oval and lanceolate m shap 
broader and rounder in front, where it suddenly contracts 1 
form a kind of neck. The cuticle is studded with numeroi 
small pnckles, directed backwards, which one con easily feel o 
pulling the worm through the fingers from tail to head. Tl 
oral sucker is terminal, small, and round 
the ventral sucker is towards the antenc 
end, large and round, with a tnangult 
depression The intestine can be see 
through the integument as two dar 
forked branches. The ova, which ma 
often be seen m the uterus, are ovoi 
bodies of a dark-brown colour. 

Lambs are especially affected. Th 
same species is found in goats, cattle 
camels, the horse, pig, rabbit, and mar 
They live chiefly in the biliary ducts o 
the hver. Damp wet seasons and dam] 
ground favour the s^iread of distomatosis. L'lelds liable to h 
flooded along the course of nvem are often certain to cause sheej 
to be infested with Tluke, the cysts being spread over the gras 
when the floods are out, and afterwards taken in by the lambs. 

Life-litstoinj , — The hfe-history of this species has been deter 
mined by Leuckart and Thomas The ova pass out from th( 
bile-duots through the intestine to the ground m the excreta 
Each ovum is provided with a lid, which breaks off, and th( 
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embryo is released Incubation takes place m the summer, and 
occupies from three to six weeks. The embryo is covered with 
fine hairs — cilia — and la known as the ciliated emhryo (fig. 10, a). 
It IS lanceolate m form, broadened in front, and provided with 
a curious boring apparatus at the anterior end It is necessary 
that tins embryo should meet with its first host within twenty- 
four to thirty hours after it has hatched. Should it not do so it 
dies Its first host is one of the waternsnails (l^mnxvs) that we 
see in such abundance along the sides of streams, luimels, and 
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A, Ciliated embryo b, Sporoeyst o, Bedia d, Oercaria 

0, Pigment epotu , pnarynx , pA(l). blind-gut , o, oercarlsa , to. germinal cells ; 
CTO, young rsdu, r/, lateral “fins", a^i), anterior sucker of oeroaHa, a(Il), ventral 
Buoker; os, ceaophagus cU, blind-gut. (After Lenckart and Tiiomoe ) 

dykes If the embryo comes in cbntacb with one of the Limnsei, 
it bores its way into its body by means of the anterior process, 
and then enters the respiratory cavity. The host in this country 
IS lAmnoeus truncatulus (fig. 173, a) , in S America it is L, Tnator, 
in the Sandwich Islands, L. ^en*egra On amvmg at the respira- 
tory cavity of this snail the embryo dncysts, and becomes con- 
verted into a body known as the s^orocyst (fig. 10, b). 
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The sporocyst is an oval body with neither mouth nor anua 
Its contents split up into a number of bodies, usually varying 
from SIX to eight. These structures, found inside the sporocyst, 
have been formed asexually by internal gemmation, and are 
known as Bedim (ent). Each redia (o) is about -j^^th of an inch 
in length Later the sporocyst bursts and the redise are released, 
passing out of the rupture one by one. The redioe (o) still 
remain m the snail, where they move about in the mantle cavity 
They, unlike the sporocyst, are provided with an alimentary 
canal and mouth {jph). Again asexual reproduction comes into 
play, for each redia gives nse by budding (mtemal) to a number 
of tailed creatures, known as Cercance (c) About fifteen to 
twenty cercarisa are produced from each redia. These httle 
tadpole-like organisms pass out of an unpaired onfice near the 
neck of the redia and swim out of the snail, leading a free life 
m the water for a short time. These free forms (d) resemble 
the adult fluke, only they are much smaller, and are provided 
with a long taiL Eventually the cereana anchors itself on to 
a blade of grass or some water-weed, draws m its tail, and 
becomes converted into a round cyst. Here this agamous cyst 
will remain until some sheep comes along and devours it with 
the grass On hemg transferred to the stomach of the sheep 
or lamb the case of the cyst is dissolved, and the young or 
immature fluke is released It then passes into the duo* 
denum, finally entering the hver, where it grows and produces 
countless numbers of eggs. 

The diagram (fig. 11) shows perhaps more clearly the life- 
history of this all-important pest. 

This parasite occurs over all Europe, Northern Asia, Horth 
Africa and Abyssmia, the Cananes, the Faroes, and also m 
Austraha, the Sandwich Islands, and S. America. 

The symptomB of the disease caused by this worm may he 
noticed m four periods The first is the period of immigration, 
when the embryos invade the hver : little or no change is then 
noticeable in the host The second is a period of ansemm • this 
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usually comineiices thirteen weeks after infection, and during 
the months of November and December. Bapid fattening of 
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the diseased sheep, fever, and quickening of breath are com- 
mon symptoms at this stage. Death may now result from 
apoplexy. The third penod is marked by a rapid loss of flesh, 
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which usually mauifesta itself about Jamiary. Diarrhoea and 
jaundice occur now, and either death ensues or there is a spon 
taneous recoveiy- The last period la that of the emigration, 
when the flukes are all mature and all the ova have been passed 
out, the sheep then recovenng. 

Generally, according to !N“eumann, flukes remain m their host 
from nine to fifteen months 

Effects on the liver , — "When mvaded the liver becomes thick 
and soft, and the surface is rough instead of smooth. Inflam- 
mation sets in, and a dark serous fluid is found in the abdomen. 
The biliary canals become thickened and much enlarged. The 
liver eventually becomes soft and friable Flukes are of course 
to be found m the diseased organs in numbers, the writer 
having taken as many as seventy from one lamb's liver and 
bile-duct. 

Liver-rot occurs worst in certain years In Britain in 1816, 
1817, 1830, 1853, and 1854 it was particularly bad, all wet 
years. In 1830 England lost one and a half million sheep 
from this pest, representing four millions of money, Tn 
1879-80 three mi l lion died- In 1862 Ireland lost 60 per 
cent of the sheep, and in 1882 millions died m Buenos Ayres 
Becently the disease has been on the decline in Bntam. Tina 
Fluke occurs in many other animals, and man 

Lung-flukes. — Sometimes flukes are found in the lungs of 
sheep and oxen. These lung-flukes (Z> pulviondLi) ore con- 
tamed in cysts, usually in the postenor lobe of the lung The 
cysts are ovoid in form, about the size of a walnut, and whitish- 
grey in colour. Externally they are covered with a fibrous 
capsule. Each cyst contams a fluid in which the fluke is 
found. Found m dogs, cats, and man in China, Japan, and 
Formosa. 

Another large Fluke, D, magnum^ is found in deer, and 
decimated the herds in the deer parks at Mandria, m Italy. 
It seems to have been imported into America, and is now 
almost as bad m the western plains as D. hepaiimm. 
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Bilharzta Ticematolna, — Tins trematode lives in the veins of 
the bladder in man, especially m abundance on the east coast 
and inland parts of Africa from Egypt to the Cape and around 
Lake ITyassa and the Zambesi river, Gold Coast, Mecca, &c. 
In Egypt, 30 per cent of the population suffer from HeBiuaturia, 
the disease caused by this worm. It is found in couples, chiefly 
in the veins of the bladder, pelvic region, and large intestine. 
The expelled urine is mixed 'vvith blood and eggs of the worm 
The female is filiform, about 20 mm. long, and is found in a 
canal along the male, which is white, and from 12-14 mm. 
long. 

Another species, B, c?asm, infests cattle in Egypt, Sicily, 
and India, but does not produce hmmaturia 

The Polydomata are external parasites, and develop without 
any alternation of generations such as we have just seen m the 
liver-fluke of the sheep. Some species live in the bladder of 
frogs {Polystomvm %7Um'%7nuifn\ others live on the gills of fish 
(P. lanceulatam). 


Oestoda or Tapeworms. 

The Tapeworms are a group of flat-worms which are entirely 
parasitic in habits. They are segmented, but not m the same 
sense an we understand the segmentation of the true Ohgochseta. 
There is neither a mouth nor an alimentary canal, as the nutri- 
ment IS taken in by the process of endosmosis^ absorption being 
effected through the skm of the whole body-surface. These 
cestode worms undergo a curious alternation of generations. 
The two stages in the cestode hfe ■ cycle have often been 
described under two different names. The two stages are — 
(1) the adult worm, which is found living in the intes- 
tmes of man and various animals and bu’ds, &c , and (2) 
the “ cystic stage,” which is usually found in a totally 
different host, and m some of the organs or connective tissues 
of the body, nof in the intestines. The diseases produced by 
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tapeworms are known as tcBmoais^ and in some cases the disease 
ends fatally not only in animals but also m man. A well- 
known matance of this vermiceous group is the disease called 
“ measles in pork,” which is produced by the cystic stage of a 
tapeworm (Tcema solnm) that invades man. The worm is con- 
tracted bv eating infested pork insufficiently cooked Another 
is the measles m “beef” produced by the cystic stage of the 
human tapeworm Tmnia saginata (Goeze), the beef tapeworm 

Tapeworms are found in all parts of the world, and are 
usually moat destructive where insanitary conditions emst A 
typical tapeworm (fig. 14, o) consists of a permanent head, 
known as the eeolex (figs. 14, a, and 12, a), and a long segmented 
body, each segment being known as a jp^'ogloths (b). Between 
the scolex and the body there conies a constricted area, the necJc 
(fig, 14, «). This is the growing area of the worm, the area from 
which fresh segments are constantly being budded of^ The pro- 
glottides increase in size towards the tail end. Each proglottis 
is practically a perfect animal in itself, as each has a separate set 
of sexual organs. When the segments are npe — that is, sexually 
mature and full of ova — they fall off : sometimes they disunite 
separately, at others in groups of from four or more, and pass 
out to the exterior in the animal’s excrement. 

The head or scolex (figs 12, a, and 14,^fi). — This so-called head 
has no mouth ; there are usually two or four suckers (a) upon 
it, enablmg it to hecotue attached with the additional aid of 
two rows of hooks (A) to the mucous membrane of the host’s 
mtestmes. Hooks may he absent (Unarmed tapeworms, as 
Momezia expanea of sheep.) In some species the scolex is 
di’awn out in front into a kind of snout, the rostellmn^ and 
then hooks are present surrounding its apex. 

We find four chief modifications of scolices : (i) In the 
TcenicBy m which there are four suckers and two sets of hooks 
on the rostellum ; (ii) Bothnocephalm^ in which there are two 
suckers, (in) Acanthohothrium^ which are provided with a 
complicated set of suckers and beset with numerous hooks \ and 
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(iv) TetrarhyncJius^ which has four protrusible proboscea, also 
beset with recurved hooks 

The Tiech (fig 14, ti). — H ere note the first traces of segmenta- 
tion At first faint transverse stripes are seen, not extending 
right across the neck ; farther down they pass from side to side, 
and small segments are thus marked oflT, becoming larger and 
more distinct the farther we get from the sqolex. The neck 
is narrow and constncted. 

The jfyi'oqloiMdes or segments as they become ripe pass out of 
the host and lead a fiee life for a short time- they are the 
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reproductive parts, whilst the scolex and neck are the vegeta- 
tive parts, of the cestode Yet each segment is practically an 
individual animal The inteiiiol structure, like the external, is 
simple ; t o alimentary canal is seen at all , each segment 
which may be oblong or square, broad or narrow, according to 
the species, is nearly solid throughout Beneath the outer 
layer or cuticle is a matrix of small cells, m which glandular 
cells are seen to be dotted about , beneath this is a thin layer 
of longitudinal muscle, then a parenchymatous mass of connec- 
tive tissue in which small bundles of longitudinal muscle-fibres 
are scattered, then a layer of circular muscles, and finally m 
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the centre of the segment the organs are embedded in a solid 
connective tissue In the first segments we find dotted about 
calcareous bodies, that are calcified connective tissue-cells Hach 
segment has its O'^m generative appa't atus^ both male and 
female organs being found in each proglottis The male 
organs consist of a number of peai’-shaped bodies, the testes 
(fig 12, T), each of these small male glands has a fine 
duct running from it These vasa e^ermtia^ as they arc callojl, 
unite mto a common duct, the vas defei*&tis {Vd), which is 
spirally coiled at the end ; this portion lying in a muscular 
pouch, the ** cirrus pouch,” it can be protruded as the penis 
or cirrus (P). The female organs are more compheated : they 
consist of two ovaries (Oy), yolk-glond, uterus {Ut\ shell-glaud, 
receptaculum, and vagina situated as shown in fig 12. 

The vagina generally opens into the same cavity as the cirrus, 
but may be separated from it some distance. 

The Tapeworms are also provided with an ejt'a*etnry sifsirm 
(fig. 12 , Wv), which IS present as four tubes united traiisvorHuly in 
each segment, and finally all uniting and opening by ono vesicle 
at the last segment The nervous system is very priniitivo, 
consistmg of two cephalic ganglia m the scolex united l)y a 
commissure, and two long lateral trunks {Nc) running down 
each side of the proglottides. We thus see that although c.'ich 
segment is sexually distinct and independent, and that tlu^ 
segments can hve a free life for a time, yet they are all united 
into one animal by the nervous and excretory systoins 

Development of Oestodes — The male organs reach maturity 
before the female : as soon os they are ripe, copulation tnki'S 
place, and the receptacle of the female becomes filled with 
sperm, and then the female organs mature. 

The ova when fertilised pass into the uterus, which becomes 
very distended, and the rest of the proglottis becomes absorbed, 
— m fact the whole segment is filled with eggs. In the uterus 
the eggs m the last segment are said to become free embryos ; 
but this the writer has faded to detect m the many species of 
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Tapeworm examined. The eggs are round or oval and small 
The shell of the egg may be composed of several thm membranes 
or of a thick and strong capsule The curious six- or four- 
hooked embryo (fig 14, b) may be seen m the moat highly 
developed ova. In one genus of Tapeworms, known as Both- 
rioc^haluSy of which a species is found m the human being in 
Switzerland and elsewhere, the development takes place partly 
in the water, the embryo leaving the ovum as an oval ciliated 
larva 'As a rule, we find that a complete metamorphosis exists, 
which 18 often connected with a very complicated “ alternation of 
generations ” The subsequent stages live in different localities, 
findmg the necessary conditions m different animals or “hosts,” 
between which they migrate either actively or passively. 

The ripe proglottides break off from the worm and are passed 
out of the host m its excreta, where they remam on dunghills, 
on the grass, and m water. The proglottides burst by 
cadaveric decay, and the countless number of contained ova 
are dissemmated over the surface of the earth and m the 
water, here they remain until they are taken mto the body 
of some herhivm*€yu8y ommvorouSy or, more rarely, carnivorous 
animal. 

When in the stomach the gastric juice dissolves the capsule 
of the ovum, and the round embryo is set free with its six, or 
rarely four, hooks. These hooked embryos bore their way into 
the gastnc and intestmal vessels, when they enter the vascular 
system and are carried along passively by the flow of blood, and 
then pass by way of the capillaries to the lungs, liver, muscles, 
bram, &c , of the animal that has had the idisfortune to ingest 
the ova. The embryos then take up their abode m some organ 
or connective tissue of their host, lose the hooks, and become 
converted into cystsy hydaiidsy or “ water-hagSy^ which grow into 
large vesicles with liquid contents. These vesicles become in 
tune what are called Bladd&r-wormSy by the formation of one or 
more hollow buds which are developed from the walls of the 
cyst, and which project into its interior. The armature of the 
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future scolex is developed at the bottom of these invagmations 
By a process of evagmation we see that the true scolex aud neck 
are found attached to the bladder or vesicle 

Varietm of cysts . — When only one mvagination is formed, 
the cyst is known as a Gystlc&'cm (fig 13, a) , when several 
are produced, as a Comurus (b) , and when the cyst itself pro- 
duces other cysts, and each of these secondary cysts gives rise 
to smaller mvaginations (scolices), the structure is called an 
Echinococcus (fig. 17). These structures, so formed, may live 
tn an animal for a very considerable time , but unless they are 



Fin 13 —Two roBMB of Oestodii Cvsits 

A, A CyaticcTons (afUu Neuiminu) d, A Oomurua, 
fi, BooUcoa , tj cavity of cyat 


taken into the body of some other animal, they must eventually 
die Should a carnivorous or insectivorous animal, or such an 
omnivorous one as the pig, or oven man, devour m the meat 
that they eat any of these cystic forms, the action of the gastric 
jmce, again acting upon the ceatode, dissolves the walls of 
the “bladder,” and releases the rudimentary scolex or scolices 
formed in it. These heads of future tapeworms then pass into 
some portion of the mteatine, and hy means of the hooks with 
which they are provided, and augmented by the suckers, they 
anchor on to the Iming mucous membrane of the small and 
large intestines. As soon as the embryo has taken up its abode 
on the mucous membrane the scolex commences to bud olf 
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segments, formed by an asexual budding in the longitudinal 
axis, and resulting in the formation of a mature sexual cestode 
or tapeworm, which may in some species reach as much as thirty 
feet in length. At one time tapeworms were considered colonial 
animals, each proglottia being a distinct individual , but since 
it is the scolex which grows, we must consider that the whole 
IS an individual, and that the individuality of the proglottia is 
subordinate to it, — and, moreover, we find one excretory and 
one nervous system common to the whole. 

The typical development is then a true metamorphosis it is 
only when many scolices are produced from the one embryo 
asexually that the development is a case of the remarkable 
'^alternation of generations.” The simplest development is 
found in the genus Bothnoceplialiia, where it is more or less 
direct, the embryo becoming immediately a scolex In some 
other forms we find that in the Cysticercus stage the vesicle or 
bladder becomes small and is nearly lost, no segments are 
foiTtned, the Cysticercus becomes converted into the Gydicercoid 
form, in which that portion of the scolex bearmg the hooks is 
separate from that part with the suckers 


Positions in which Tapmorms and tlmr Cysts 
and Ova are found 

1 Cysts are found in the liver, lungs, muscles, brain, spinal 
cord, kidneys, eyes, thoracic cavity, body cavity generally, and 
in the hepatic ducts 

2 Tapeworms are found only m the small and large intestines 
and stomach. 

3. The ova are met with on the ground, on grass, on dung- 
hills, and in water. 

TTie cyst stage is, as a rule, found m herbivorous animals, but 
also m man, fish, and m various species of insects. The dog, 
for instance, has one of its tapeworms livmg in the cystic stage 
in the louse (Pi ichodectes). 
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Various FonuB of Tapeworms of Economic Importance 

Multiceps mulhceps Hall 
= ComuTvs cerehralia = ToBma ccmurys 
(■wliich causes the Sturdy, Gid, or Staggers in Sheep) 

In dogs, especially in sheep-dogs, we commonly find a tape- 
worm known as Tcenia ccmurm (fig 14, o). This worm, 
which may also exist in other animals, such as the fox, lives 
m the mtestmes. There is no proof yet, however, that the fox 



Pig 14 —Sturdy in Stikep 
(if-ulticeps mullu»pB and Timna cfLUunia) 

A, Ovinn D, Bmbr\ii c, Bexual worm (Tcemu canunin) p, pro^dn'tUleB , n, nock; 

KUdkera p, AfnltUeps rtivUieepi c, oerubml hemisphorcB , ab, cerobolluiii , m, 
modulia. x, Hook from a 

does harbour this worm It can ho distinguished by having a 
circle of hooka around its head, which is slightly drawn out into 
a roatellum, and by its four suckers. In length it vanes from 
twelve to sixteen inches when adult, and is constituted of about 
two hundred diatmct segments The pale proglottides full of 
eggs are passed out on to the ground m the sheep-dog's excre- 
ment, and there remammg for a short period, they burst, re- 
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leasing thousands of ova (a) These are taken off the grass by 
the larCibs, or even two-year-old sheep , sometimes even whole 
segments may be devoured. Cattle, goats, antelcrpes, chamois, 
gazelles, and the horse are also sometimes affected. The 
embryos become released m the stomach of the sheep or other 
animal The six-hooked larvae then commence to bore their 
way through the walls of the ovme intestine, and finally 
enter the blood, by which they are carried to vanous parts 
of the body Should any of these embryos reach the brain 
or spmal cord, as very often happens, further development 
takes place , otherwise they apparently die a premature death. 
After the larva has reached the cranium, it commences to 
burrow about until it finds a suitable resting-place for further 
growth. A brain examined fresh, when it has been invaded by 
one or more of these larvse, shows red sanguineous streaks on 
its surface, very hke the innumerable fine blood-vessels which 
ramify over it, — these tracts have been formed by the mov- 
ing embryo worms. On taking up its fixed abode, the larva 
then grows into the Bladd&r-wofrm^ the so-called hydatid, or 
“ water-bag ” of the shepherds, which gradually swells until it 
reaches ^the size of a walnut, or even larger. The writer has 
twice taken these cysts from lambs nearly as large as an egg, 
the hosts, needless to say, having died Often several cysts are 
found in the brain, both on its dorsal and ventral moieties. 
Each of the cysts, which were formerly known as Gcmm'u& 
ceiebralis (now as Mulhceps multice^s)^ develops from three 
hundred to four hundred scolices by asexual budding These 
can easily be seen in the “ hydatid ” as minute white specks. 
The affected sheep gradually lose their power of equihbnum, 
turn round and round, and fall down In the early stages of 
infestation the lambs shake their heads and hold them on one 
side, but as the “bladder” grows the symptoms become more 
marked These cysts are also found in the spinal cord. Spon- 
taneous recovery may take place, but large numbers of sheep 
are annually lost by this paiasite; and yet we do httle or 
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nothing to prevent it, wlieii prevention lies easily in out 
power. 

Should a human being eat the diseased brain, cyst and all, no 
further development would take place, but he does not do so. 
What generally happens? The dead animal or head of the 
“pothery’’ or “stiu’dy” sheep is invariably thrown into the 
nearest wood or spinney or given to the shepherd’s dog What 
is the result ? The cyst, being only capable of development m 
one of the CaiiidoB, produces numbers of the tapeworm, Tcmia 
comumSi in the dog’s intestines, and so the disease is propa- 
gated , whilst if the diseased heads were destroyed or giveu to 
fowls, in which the soolices, I find, never develop, all that per- 
sistent loss would be saved. The cysts are often found in the 
lumbar region of the spinal cord, where they may reach a great 
size, and produce the so-called “ lumbar-gid ’’-^the hindquarters 
becoming paralysed. The only treatment is trephining, but it 
is seldom done, and it is far better to kill the parasitised 
animal 


Tcenta solium = Qysticerms c&llulosm 
(the Human Tapeworm and Measles in pigs). 

TcBima solium is a tapeworm found in man, m some parts of 
Europe in great abundance, but comparatively rarely now in 
England It is creamy white in colour, and reaches from six 
to ten feet in length, often being composed of as many as eight 
hundred segments : the scolex is provided with a large circle of 
hooks. The ripe segments become pinched off several together 
and are passed out, when they may find then way on to some 
dung-heap. If a pig happens to come across them they are 
speedily eaten, and hundreds of the contained ova are dehisced 
into the stomach, and give rise to the typical six-hooked cestode 
embryos These enter the vascular system in swarms aud take 
up their abode m the muscles, or rather in the connective tissue 
between them Sometimes they even reach the brain and spinal 
coid, and may also be found in adipose or fat tissue. These 
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embryos form small watery cysts about the size of peas, especi- 
ally 111 the loins, and give rise to the disease in pigs known as 
“measles.” Prom ten to twenty thousand cysts (fig 15, c) have 
been counted in one pig. Should this “measly pork,” which is 
condemned in the markets, be eaten by man, each one of those 
cysts will become converted into the obnoxious human pest. 



Fra 16 — Fraqmhnt of Mraaly Pork. 

c, 0, Cysticerci , v, alveoliiR, from wliloh a bladder- worm lian been taken Rallllet 
(Fi'om Par Dio Ani , Nuuiuaun.) 

Toima solium. The cystic stage is also said to be found m 
man in his eyes, brain, and muscles The disease is still 
persistent in some Continental districts and in Ireland, but, 
owing to our more sanitary ways of living, its effects are being 
less felt than formerly. It is a disease that has been observed 
for a very long period, being well known, although not under 
stood, by the ancients. 
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Echimccccm — A third type of cyst known as Eelnnococcus 
often assumes a great size. The sexual tapeworm that produces 
this cyst is Tcema echinococcus (Sieb ), fig 16 This worm is 
found in the dog, and is very prevalent. It is minute m size, 
seldom exceeding one-fourth of an inch in length, and is composed 
of never more than three elongated segments. The last segment, 
which 18 much the largest, contains numbers of ova when 
mature The head is provided with a double row of hooks 
The colour is creamy- white, and they may be 
found m great numbers in the fluid contents 
of the dog^a intestines, and are often seen 
stickmg round the anus These worms are 
derived from the cysts known as Echinococcus 
vote} inoTUTriy found in herbivorous animals and 
man, hut especially in the Enmmants The 
worms reach maturity m about a month after 
the entry of the cysts into the stomach of the 
dog The cyst Echinococcus vetennorum (Sieb ) 
IS the same as E jpolymoi’phus of Diesmg. 
They are to be met with m man, monkeys, 
oats, dogs, rabbits, sheep, oxen, goats, horses, 
deer, and many other animals , but ruminants 
and pigs are the greatest sufferers Man in 
EOHiiJoooijDB^ certain districts, especially in Iceland and in 
raSi^d ) ^Gcklenburg, has often suffered eenously from 
this so - called Hydattd plague Although 
Echinococcus is met with lu all parts of the body, it is the 
liver that is chiefly invaded occasionally much pathologic 
disturbance is also caused by them in the lungs and in the 
kidneys 

The ova of Tcema echinococcus are passed out with the ripe 
proglottia from the dog’s bowels and get into the water On 
entermg the herbivorous or omnivorous host the ova hatch, 
and the embryos make their way irid the portal system to 
the Hvex, They there produce small white cysts, which 
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contain a vesicle Development proceeds very slowly By 
the end of five months, Leuckart has shown that they attain 
the size of a walnut They now consist of a whitish-yellow 
reside with thick walls composed of two layers (fig 17) 
— the outer one thick, and called the hydatid membrane 
{ct ) , the inner one thm (???), and known as the germinal 
membrane. Internally this “ mother - vesicle ” contains a 


Tt 



(rf, Hydatid membrane , m, germinal vesicle , m prollrarons vesicles , vf, daughter 
vesicle (.ominenclng to form , vf, daughtei vesicle i^sslog externally , daughter- 
VGsiolo passing internally, vjl. Internal daughter • vesiole , vfe, external daughter- 
vesicle, V2)Ji, internal gmnd-daughter vesicle , vpfe, external grand-daughter-vesicle. 
(Prom Par DIs. Ani , Neumann ) 

colourless neutral fluid In some cases the “mother- vesicle'* 
remains in this state, no scolices being produced, when it 
is called an “ acephalocyst ” Should fmther development 
take place, as is usually the case, a number of buds, close 
together, arise from the germinal layer (vp) These buds 
become hollow, and fiom their internal walls scolices appear. 
As many as thirty scolices may be formed m each of these 
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•p) ohgero'us vesielesy and they may break away and float in the 
fluid contents of the cyst. 

Secondly, there are formed in the hydatid membrane {ct) 
covitiea {vfj, which gradually become larger and pass either in- 
ternally {vf) or externally (»/') , these are secondary or daughier- 
vesicles. Is a rule, we do not find internal and external 
daughter-vesieles in. the same hydf^tid. These secondary or 
daughter-vesicles may produce proligerous vesicles, and thus 
scolices, intemally (v/e). Some do not produce scolices but 
other vesicles, grond-daughter-vesicles {v^fi and vpfe) These 



Via 18.-T^u sSBRATACnat aize) (Prom Par Dia Art , Nonmimn ) 


grand-daughter-vesicles may agam form internal proligerous 
vesicles, and thus scolices ; or they may remain as acephalocysts, 
just as the primary proligerous vesicle does occasionally. 

It will thus be seen that one ovum of Tcenta echinococcus may 
produce hundreds of scolices, future tapeworms, should a do- 
devour the organa suffering from this eehinoeoccoeia 

I^tly, there is a form of Ecliinococous known as a midti- 
locuUr form, in which the vesicles remain very small, whereas 
m the others they may assume an immense size. These vesicles 
remain attached together, and may produce a huge mass eight 
or nme inches across, united together by connective tissue. 
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These are called colloid cancers, but Virchow showed some tune 
ago their true formation. 

The secondary internal vesicular formation is chiefly found m 
man, the pig, and the horse, where huge hydatids are produced. 
Secondary external vesicles are more general in ruminants, but 
they also occur in the pig and m man. This disease is found 
wherever dogs exist One-sixth of the population in Iceland 
have suffered from this plague.^ It is also abundant in 
Australia,^ India, and elsewhere. It is by no means uncommon 
in Great Bntam. 


Other Tapeworms. 

Numerous other tapeworms exist in domestic animals and 
man At least fourteen are found m the dog and ten m man 
Tcsnia aeirata (fig 18) is often very common Its cystic stage 




Fig 10 — T.fflNiA hkrrata 

a. Young Cyaticercna; h, aauio dividing, d, iiiatuie Cysticorcvs jriitiformLa c, scolo\ 
&nd hooks of T semUa, j, various segments , /, scolex In Uystioei cus. 


(fig 19, d)i known as Cysticerciis pmforwis, is found in the 
peritoneal cavity of rabbits and hares. Dogs obtain this woim 

^ Dobell, Report on Iceland. (1879 ) 

* Tliomas, Hydatid Disease in Australia, Adelaide (1884). 
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by eating the viscera of those animals Sheep have also several 
parasitic within them, which produce scouring and emaciation, 
Momeda expansa is often troublesome m sheep, both in Eng- 
land and America , it also occurs m cattle The life cycle is 
not known. 

‘^Measles” in beef is also due to a cyst called Cystieercm 
hovis, which occurs in the skeletal muscles, heart, lymph glands, 
and even between the convolutions of the brain and the lungs 
and liver The sexual stage is the tapeworm Tcema saginata^ 
the unarmed tapeworm found in man. It is almost cosmo- 
politan, being very prevalent m Africa and Asia. It frequently 
reaches 7 metres long. 

Tsemosis is also sometimes a very troublesome complamt in 
fowls, but so far has received httle notice in this country. 

The third order of Platyhelminthes does not concern us : they 
are called Nemertml, most of which are free-living worms, a few 
bemg parasitic in the mantle cavities of vaiious moll uses. 
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NBMATHHLMINTHlilS OR EOUND-WORMB. 

The Eound - worms have a tubular and filiform body. The 
cuticle, or outer layer of skin, is ringed but never segmented. 
The sexes are separate, the male worm being usually quite dis- 
tinct from the female. The alimentary canal may be absent 
or rudimentary, but is generally present and well developed. 
There are no special organs of respiration or circulation. 
Amongst these round-worms mnumerable parasitic forms are 
found m man and the domestic animals, as well as in fish and 
insects. Many fatal diseases are produced by them, such as 
trichinosis in man and pigs, gapes in poultry, husk or hoose m 
lambs, &c. The horse is very subject to a number of species 
These worms taper to a point at each extremity^ We shall 
frequently observe special organa for attachment on both the 
anterior and posterior regions, such as hooks, teeth, and even 
suckers, which are used by the worms not only for holding on 
to their host, but also for purposes of copulation. The integu- 
ment of these round-worms has a thick cuticular layer, and also 
a large muscular layer within, by means of which the body is 
enabled to wriggle, undulate, and knot itself into fantastic 
forms. Although vascular and respiratory systems are seem- 

^ Except m the Strongylidse, where the poatenor end of the male 
culminates in a cup-ahaped bursa* 
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ingly wanting, yet a nervous system exists Here also we shall 
observe sense-organs m the form of simple eyes in those forms 
that are free-livmg, but not in the parasitic species In some, 
such as the Acanthoc^hala, the mouth and alimentary canal are 
entirely absent, whilst m the Nsmatodes a true digestive system 
18 developed. Many of the Hemathelminthes develop without 
any metamorphosis Where larval forms occur the lorvm are 
often found in different hosts, and in any case m different parts 
of the same host. 


Nematoda. 

The round-worms which we have especially to consider in 
this work are the Nematodes or Thread-worms, which include 
various parasites in animals and birds, as well as in man, and 
also parasites that attack plants 

The body of Kematodes is thin and thread-like, hence thoir 
popular name “ Thread -worms.” The mouth leads into an 
oesophagus which has thick muscular walls and often a chitinous 
lining, and is frequently dilated behind into a muscular bulb, 
the pharynx. The intestme following the pharynx opens by a 
posterior pore, tho anus, on the ventral surface. In a transverse 
section of a nematode the muscle is seen to be divided into four 
areas, broken at the sides by the two lateral lines in whicli run 
the excretory canals, and above and below by a dorsal and 
ventral line Hematodes are always of separate sexes, never 
hermaphrodite as m the Flat- worms, except in one or two 
notable exceptions, m which first male cells — spermatozoa — and 
then female cells — ova — are formed in the same individual 
Male nematodes are always smaller than the females, and have 
the postenor end of the body curved , moreover, they are 
usually provided with a pair of recurved hooks for attachuiont 
to the female (fig 21 , d) Nematodes increase by true sexual 
leproduction. 

Sexual reproduciion consists of the union of a mnlo coll 
which is known os a sperm cell or sjt€:i'matiJZOon with the female 
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or genii cell, the result of tlie fertilisation — that is, the entry of 
the male element into the female — is the production of a fertile 
ovum. The female^ cell is sedentary, the male is active, the 
Litter being usually armed with a whip-like tail resembling 
in some respects a llagollate protozoan, but the whip pushes the 
flagellata, whilst it pulls the spermatozoa. The male cell enters 
the female cell and then loses its flagellum. On the entry 
of the spermatozoon into the germ cell, the former travels 
through the latter until it unites, or rather its nucleus unites, 
with the nucleus of the female cell, or, os it is more correctly 
called, the female pronucleus One spermatozoon alone enters : 
the entrance takes place through on aperture in the germ cell 
called the micropyle. At the -same time a prominence appears 
on the ovum, called the ‘‘polar prominence,” which gradually 
grows out and splits off into two round bodies, the “polar 
bodies,” which pass away and are lost The result is that a 
fertile ovum is produced, capable of developing into an in- 
dividual similar to the male and female parent form, and yet 
sufficiently plastic to undergo slight variations which may 
become permanent characters, and so eventually mould a new 
species An asexual egg passes out only one “ polar body,” a 
true ovum two 

Development of Nematodes , — Nematodes chiefly lay eggs (fig. 
20). Living young are produced by a few species, wlien they 
are called viviparous, to 
distinguish them from 
tliu eggdaying or ovipar- 
ous species The ova 
possess a shell, but m 
the Tricliince this is lost 
whilst m the mother 

worm Fertilisation Fio ao— Embryo and Ova ov ScLFfiosTOUDM 

KUBEUM (Greatly enlarged ) 

takes place by the en- 
trance of a spermatozoon into the female cell while it is still 
without the shell membrane. The ovum on being fertilised 

E 
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then commences to go through the process of mgmenfatio', 
which IS the result of the rapid division of the iiuclous and th 
formation of a number of cells in the ovum The cell divisio 
IS equally distributed throughout the egg — that is, the segmer 
tabion of the ovum is equal Eventually from this segmentec 
ovum two cell layers are formed . these two layers becom' 
invaginated or pressed m at one end, and there la thus formec 
an embryo known as the g^nda From the two cell layers o 
this gastrula are developed the body- wall and alimentary canal 
The young may encyst in an mtermediate host, and in the cyst 
stage are transferred to the permanent host : for mstance, 
Sptroj}tera ohtma in the mouse is derived from cysts of this 
species m the meal-worm — the larva of a beetle which hves in 
flour, biscuits, and meal, and there eats the ova passed out by the 
mouse A large number of these round worms develop direct 

Lastly, we may have changes taking place in the same animal, 
the worms migrating from the intestines to the parenchymatous 
tissues, as we shall observe happens m the case of Triclnna 
spircdw in piga 

There is one very important group of ITematodes to the farmer, 
which develop and live in damp earth and plants. These cast 
their skin whilst in the damp earth and are converted into 
what are known as “Ehabditis,” forms which have a double 
enlargement of the oesophagus and teeth attached to the pharynx. 
Some become sexually mature in the earth, and their offspring 
ogam migrate and live as parasites , others undergo several 
ecdysea, becoming mature m the permanent host The em- 
bryo gradually elongates and becomes coiled up m the shell 
(fig. 21, c). The free development may be in the form of a 
metamorphosis which happens away from the parent form 

The larvsB, parasitic in animals and man, live in the paren- 
chymatous organs of their host, either free or encysted in con- 
nective tissue capsules , whilst the adults live chieliy m the 
alimentary cartal 

The embi) os often have a curious hoiing tooth m fionb, oi a 
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circle of spines They moult their skin : frequefit ecdyses or 
moults precede the adult stage. The simplest form of develop- 
ment 18 where the embryo, enveloped still in its egg-membrane, 
13 transported, passively, m the food to the host {Oxyul'iay, In 
the Ascai'idcB the embryo, which is provided with a borhig 
tooth, may pass sometimes into an intermediate host, by whjch 
it is transported with its host in food and water into the second 
hos/t, where it will become sexijally mature. 

The /ootZ of Nematodes which are parasitic consists of thp 
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Fio 21 — ANODULDLiDiB (Belworms) 

a, Mature ^ wltli oral spine , h and oj oWi , d, extremity of S , e, anterior or adu]^ 
(Enlarged, after Bltsema nos ) 

organic juices of the body. They nearly all seem to lead a free 
life during some period of their existence. Those that are 
parasitic in plants, causing such diseases as clover-sickness, ear- 
pockles or purples in corn, &c., are called eelwonns. Many of 
these eelwonns, however, only live in decaying parts of plants, 
where they do no harm : these are termed saplirojpliyteB, Yet 
Others produce fermentations, such as i the Vinegar- and Paste- 
Eelworms. 

In all cases both egg and cyst of these Nematodes have the 
power to resist extreme heat and cold, unless it be that the 
foimer is kept up for some tome. 
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Qrou^B of Nematodes , — The groups or families of ^ematodea 
of importance to the agncultiinst are — 

(i) The StrongylidcB or Pahaade-worms. 

(li) The Tncliotracliekdm or Whip-worma. 

(lu) The Aseandce or Round- worms. 

(iv) FilandcB or Thread-worms \ and 

(v) The Anguillulidm or Eelworms. 

The first four groups live as parasites upon animals, the last 
group lives upon plants. 


STRONGTLIDiB OB. PaUHADH-WOBMS 


These worms produce many complaints in animals. They 
are elongated and spindle-shaped, the 
anus being placed near the tip of the 
body, and, as in all Nematodes, the 
anus and male opening are one and 
the same. In those Palisade - worms 
tins male opening is surrounded by a 
curious cup -shaped bursa, which is 
kept expanded like an umbrella by 
stiff ribs (fig. 22, b). The female has 
a pointed posterior (fig. 22, d). 

Lang Worms of the Sihe^, 

One of the most important and de- 
stnictivo Palisade- worms is the Lung- 
worm of the lamb {Strongylus jUai'Vj), 
a white worm which causes the disease 
known os “husk” or “boose” The 
male worm is about an inch and a half 
to two inches in length, the female 
quite three inches. The embryos of 
these worms are found in damp earth, 
and enter the lambs during May, June, aucl July. Strongylosis 



Pio 22 —Tub Lung Woam 
(SitrongybLBjUaria) 

A, Male , £, female . o, ovum , 
J), enlarged extremity of ? , b, 
liursa or male, a, onus , e, lu- 
btiotiue , b, uterus. 
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of the air-papsages is generally observed from March to October 
They get into the thi^oat and enter the trachea, here they 
burrow into the mucous membrane and form lumps, ^\hJlch they 
quit at the end of the winter. The female then gives rise to 
numbers of hving young, hundreds of which may be found in 
the mucous membrane of the lamb’s throat The young develop 
partly m water or damp earth before they become sexually 
mature. Sir Greorge Brown says that in common with other 
Strongyles they are swallowed by earthworms, and again ejected 
after having gone through certam changes. Only some of the 
hosts of embryos ejected can go through earthworms, however 
He then suggests that some may become parasitic in plants 
before they take up their abode in the warm-blooded host. 
Filaria gives nse to venniceous bronchitis 

We find at least three other worms in the lungs of sheep— 
namely, Psevdalis omB-^lmondliB^ a small coiled worm forming 
tuberculous-like growths over and in the lung m which they 
live ; and Strong ylus rufescefns and S. ^aradoxus^ free in the 
lung cavities, &o Whether there is any connection between 
S I'ufescens and P. ovis-^monalia is not known : from what 
I have observed I consider them quite distinct. S, rufescens 
produces a kind of pneumonia. Two varieties of this disease 
may he noticed — viz, (1) a lobular pneumonia produced by 
adult worms m the bronchi, and (2) a diffuse pneumonia caused 
by ova and embryos in the parenchyma of the lung P. oma- 
yulmonalia produced a nodular pneumonia. S, •;paradoxu8 is of 
exceptional occurrence. 


Siomach Worm of Sheep and Cattle. 

Several species of Sfcrongylidaa often occur in ennnnous 
numbers in the stomach of sheep and cattle and cause parasitic 
gastritis. One of the commonest is the Hcemoncliv^ contortus of 
sheep, which also infests cattle and goats Lambs are specially 
infected. This worm occuis lu the abomasum or fourth stomach. 
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It is widely spread over Europe, Africa, Asia, Australia, and 
America In colour they are white to creatny white , a few may 
be tinged with pink Adult females reach from 20 to 30 mra 
in length, the males from 10 to 20 mm. They are cylindrical, 
bluntly attenuated towards the head end, pointed at the tail 
end in the female j at the head end are two hackwardly pro- 
jecting papillm The male has a tnlohed bursa and no spjcuhe. 
In the female the ovaries, j&o., are spirally wound Around the 
mtestme, givmg the worm a very marked appearance. 

Eggs and young are passed out on to the ground in the fseces. 
Wliether development is direct - or not has at present not been 
demonstrated. The other abundant species are Ostertagia 
patertagiy found in the fourth stomach of cattle m Europe, 
United States, and Hew Zealand. 0. circumdncia^ found m 
the fourth stomach and intestine of sheep and goats m Europe, 
America, and Australia. 

The genus Tnchosirongylus is represented by T. extermatuSj 
causing verminous gastro-ententis m cattle and sheep, also found 
m the fourth stomach. The hfe-cycle of these nematodes, which 
often occur m countless numbers, is not known: 


The Armed Si^rongijles of the Hone. 

Another laige Pahsade-wonn, known as the Armed Palisade- 
worm (Sd&i'ostormim arrriatum) (fig. 23), is found in the lower 
parts of the horse^s gut, chiefly m the csecum and colon. It is 
taken m by the horse m polluted drmkmg-water as a very min- 
ute immature worm. This embryo bores into the blood-vessels, 
enters the large posterior arteries, especially one known as the 
“anterior mesenteric artery,” where it produces a swelling in 
the waU of the artery (fig 24). This growth checks the cir- 
culation, and may lead to vascular disturbances of some im- 
portance. Whilst m this abode the worm is immature \ but 
just before maturity la reached the worm escapes, makes its way 
through the gut wall, matures, and copulates. The ova are 
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earned out m the dung The embryos are seen to develop in 
damp mud and m water, and are thus taken by the horse 
The female is often oa big again as the hne representing the 
natural size in the figure. Another form, the Giant Palisade- 
worm {S. gigcL8\ IS a red worm nearly a foot in length in the 
female, and lives in the pelvis of the kidney m both horse 



Pio 2S —Ahmed Paltbadh wonif o? Horse (SdleroaioTmm armatuvii\ Female. 
Of Male bitrsB (Line natb size.) 


and man. Sometimes severe epizootics of these Paliside- worms 
break out 

Bcl&'ostomum tetramntlium (fig. 25) and 8, ruhrum (fig 26) 
are usually the most injurious Strongyles in the horse. The 
former is a pinkish- or brownish-white worm, varying from 
8 mm. to 16 mm in length, the male being smaller than the 
female, and provided with a bursa excised on the ventral sur- 
face, the female having a pointed tail. On each side of the 
body, a little m front of the end of the oesophagus, is a long, 
lateral, spine-like body. 8, mh'um is very similar, but is 
always red in colour and smaller in size, and has no lateral' 
spines. These two Sclerostomes have a similar life -history* 
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'J liey do not enter the blood as does S amicdim The eggs 
are introduced in water, and probably forage, and give iise to 
embryos wbicb encyst direct in the walls of the caecum and 



Fra 24 — <VBajjiCSons Ar FaRiBu of Gubat MBSBTrriUUo Abikjby nat s1zb)l 
R allUet. (Prom Nanmann ) 

a, Aorta , c, ocallac , li, hepatic ; 8, splenic : m, trank of great mesenteric ; to, antt^rloz 
fiiHClonlns with aneurism , left oolio , of, nrat artery of floating colon , fg^ aitoilea 
of Bmsll Intestine, td, right fkaclcalus with aneurism , odf right collo , rgt renal , oi, 
inferior cesoal , cs, snperlor cscal arteries 

colon, where they form tumouroiis patches similar to J3 ar- 
niatum. Here lying in the cysts the white coiled 'woruis 
(fig. 20) produce inflammation, colics, and senous ansemia. 
When mature they make their exit, and live for some time 
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free in the intestinal contents, where they breed, the ova 
coining away lu the horse’s excreta. The red species is by 



Pig 26. — SoLBROBTOMUM ThTRAOANTHUM. 
irale (ulx times nat. sUe), and eulox^ed anterior extremity. 

far the moat abundant They are mainly observed in young 
horses. From investigations dunng the last few yeais, it 




Pro 20 —Small Bto SoLBRoaroua rubrum) rnoii Hobsh (female). 


seems that these pests are much on the increase. Fortunately 
they can be soon checked by tlie administration of Thymal 
as a nematocide,^ 

^ Journal of the S -E Agjiic Coll , part 6 — “An Epizooty produced uy 
Bpeoiea of Sdei ostomum m Arab Hoi see,” by F. V T. 
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Tm Gape Worm {Syrigamus tmcheali^, > 

Poultry, especially if constantly kept on the same land, often 
aiifPer considerable loss from the ravages of a red worm called 
the “Gape Worm” or ’“Forked Worm.” This nematode lives 
in the air-passages of fowls, chicks, pheasants, and certain wild 
birds. On opening the trachea and bronchi of a bird showing 
symptoms of this disease, we find often as many as twenty red 
forked worms surrounded by a frothy saliva. The small arm 
of the fork is the male, which remains almost permanently 
attached to the female. The former is about one-fifth of an 
inch long, the latter about four-fifths They are coughed up by 



For. 27 — Gaps Wouh {Syngamia tTOchmlis'^ 
6 mnd $ in copuZd. 


the fowls when they are mature— that is, when full of ova. The 
eggs escape from the body by its cadaveric decay and ho about 
upon the ground and in the water, from whence other birds 
gam the disewe They hatch mto small white embryos. 
Development is direct, no mtermediate host being necessary, 
as has been frequently demonstrated. Their presence can soon 
he detected by the curious yawning and “gaping” of the host 
and constant steaming forward of the neck. Prequent removal 
of birds, especially chicks, is the best preventive ; whilst fumi- 
gation and uyeotion of fluids mto the trachea, as mentioned m 
Appendix D, can be employed as remedies. 
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TniaHOTRAOHELroiB OB Whip-worms. 

The Whip-worms are known hy having a long, thin, neck-like 
anterior portion to the body. A small mouth is present 'at the 
tip of this long thin region; it is not provided, as in many 
worms, with lip-hke papillse They are all small slender worms, 
with an anus or (in the male) a cloacal opening at the hind end 
of the body. There is no bursa, as in the Palisade-wonns, and 
one‘ speculum alone is present 

The two most noteworthy genera are ’ Tria^ioc^hdlua and 
TricJvindla (fig 28). 

T^Hchoc^liahis is a small worm, with the anterior part of the 
body much' attenuated and whip-hke, the posterior part being 
thick and cylindrical ; this latter contains the generative organs, 
which are coiled in the male. The eggs are cunous citron- 
shaped, hard-shelled bodies, and undergo their development in 
water. It is found that the Tnchocephalidfie require no mter- 
mediate host, so that they can be taken direct m drmking 
water or unclean food. 

They do not live free in the gut, but liave the whip like' 
anterior extremity buried m the mucous membrane of the 
intestine. These worms are found in man, the pig, and the 
sheep, and cause serious intestmal 'disturbances. The' young 
womis are hair- like, and resemble very much the trichinee 
found in pork. 

Another curious form is known as Tinchosomum, m which 
the male is very degenerate and hves m the uterus of the 
female, as many as three or four males being found in one 
female. 

This ‘‘degeneration” is a very common phenomenon in 
parasitic life. Any part of an animal that is not used we find 
degenerates, and may become lost entirely unless nature utilises' 
it for some other purpose. The second pair of wmgs in the 
true flies {Dvptei'a) have apparently degenerated, but they are 
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still represented by the so-called ^‘balnnceis,” — small knob-like 
processes that are not used now as organs of flight, but as 
specially modified organs of sense, organs of equilibrium Very 
many parasites having no use for limbs, we find are devoid of 
them (parasitic Isopod Crustacea). One pair of the gill-arches 
seen in fish, m the higher animals have nearly gone ; but they 
have been saved from total extinction by being converted into 
structures for a different object — namely, for forming the bony 
chain in the auditory capsule. Use and disuse mcrease and 
decrease respectively the size and development of any part of 
the animal frame. Perhaps the greatest degeneration is in some 
of the worms, where the male, as mentioned above, is reduced 
simply to a tesksy which hves permanently in the female’s body. 

The Trichina of Pori {T spiralis ). — Tins small worm pro- 
duces the malady known as Ti^chinosts The adult sexual 
woim IS found in the intestine of man, the pig, the rat, and m 
practically all other carnivorous ammals. The adult worm is 
only about one-twelfth of an inch in length. The sexes, as m 
all Nematodes, are quite distinct, and a true copulation takes 
place. The result of this union is that a very large number 
of fertile ova are laid by the female, each female laying, it is 
said, at least a thousand eggs at one tune. The females may 
live for five or six weeks. We find on examining these worms 
that to every male there are at least twelve females : we can 
thus reahse the hosts of ova that aie laid Not unusually the 
female T^ichinella sphcdis produces hving young. 

The ova soon hatch in the alimentary canal of the host, and 
the larvflB derived from them commence to lay eggs about six or 
seven days after their entry Often by the second day after 
ingestion the laivsB commence to mature, by the fourth day 
they become mature. The young worms when they come from 
the ova are extremely mmute cylindrical bodies, only ij^tb 
of an inch in length They soon commence to bore their way 
through the walls of the mtestine and enter the sarcolemma 
of the muscles, penetrating into the primitive bundles, the sub- 



TUICHINOSIS. 


77 


stance of whicli degenerates, whilst a rapid increase of the nuclei 
may he seen to take place Sometimes the larvse are carried 
along in the blood At first the young he straight in the muscles, 
but in about two weeks they form a kind of citron-shaped capsule 
in which they coil themselves up (fig 28, a). This capsule is 
derived from the degenerating connective tissue of the muscle 
fibre. Gradually the capsule becomes tliickenod by the deposi- 



Fig 2 — TnirniNELiA sfitiazjs. 

A, PlecQ of dlsottsed poi k (nniLli unlargofl) en, cyat , c c, fftpaule , v, enoj stod omi. 
D, Larva, c, Mivlo jj, Dl^uatlve and aexual orgaus ot S (after colin; 00, asopliugua ; 
mi, luid-gut , r, roctum , 2 ’, teatia , id, vaa deferens , 0, cloaoa 

tion of calcareous matter One can feel the gi’itty-like bodies 
when one cuts a piece of meat full of tnchinsB with a knife. 
The young asexual muscle spirales can remain in this position 
any length of time. But if the diseased flesh is eaten by a car- 
nivorous animal, the gastric juice dissolves the cyst, and the freed 
worm becomes sexually mature in the intestines in a few days, 
the sexual organs (fig 28, d, 2^ and vd) liaving been partly formed 
whilst m the muscle. Man, by eating this diseased pork, con- 
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tiacta this dangerous iomplaiut, tho worms from the cysts hreod- 
Sng m his mtestmea and migrating to hia muscles. The danger 
19 when the young worms pass through thfe intestinal walls into 
the muscle they, by so doing, produce violent inflammation, 
which may be fatal, and intense pains result, similar to those 
occasioned by rheumatism. 

The way Tmchmosis is said to be partly spread is. by the 
agency of rata Bats are Icnown to suffer severely from T. 
f^vralts. Pigs greedily devour any dead rats they can get 
hold of, and thus take the disease How many rats have we 
seen given to the pigs in farmyards and elsewhere I It is a 
common practice, and one by which the life-cycle is partly 
kept gomg. 

, Migrations may take place m the rat itself : rats, by eating 
other dead ones, also keep the worms on the increase, tending 
of course to the chances of pigs taking the disease, and thus 
conveying the germs to man. The number of ova produced 
by one woim is said to Ipe between 10,000 and 16,000. 


EbLWORMS or ANaUILLUUDJE. 

Eelworms are free-living l^ematodes of small size Some live 
in or on plants as parasites, and cause various diseases and 
abnormal growths in plant tissues. Others l],ve in decaying 
matter as saprophytes ; many may often be found in decaying 
roots Eermentations are also produced by some AngmllulidoB, 
such as by the Vinegar- and Paste-worms By for the greater 
number live free in damp earth and in water.) , / 

Eelworms are very minute Vorms, with very thin skins, and 
lay only a few comparatively large eggs, which midergo tapid 
development. Parasitic and saprophytic fouus ,6an be told by 
the presence of a curious mouth-spine This structure, found 
in the mouth caVity, is vely sharp and pointed m front, and 
can be worked backwards and forwards, so as to peiietrate the 
cell-w’al^8 of plants In all cases an eelworm devoid of a spine 
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IS not a plant parasite. 
The most important genera 
living in plant-tissues are 
TyUnchus^ AjpheleTicJms^ 
and Heterodei a The 
former genus also lives m 
the earth and in rootage 
of plants The genera 
Dorylaimits and Aphelen- 
chm alsp hve under similar 
conditions TylmcliuQ and 
Haterodera produce the 
worst diseases. 

These undergo part of 
their life - cycle in the 
earth and part in their 
plant host 

The three most typical 
forms are — (1) the Wheat 
Eel worm {Tylmchis seaii- 
den8)y (2) the Stem "Eq!- 
vfovm (T, devoBtatrix) i and 
(3) the Beet Eelworm 
{Heteivdera achachtii). 

The Wheat Eelworm {T 

acaiuleTiJ^ = T fritici of 
Bastian). 

Length about one- 
twelfth of an inch in 
the male and one - tenth 
to one-fifth in the female. 
These minute white or 
[ilmost transparent worms 
are the cause of a disease, 



Fro 29 — Bklwobms (Anrri^lllalidm) * ' 
I Tylemhus devqstatrix^ ftoiji olovor roots , li 
ovTlm , ill anterior extremity ; iv postarl^^r ox 
tromlty of male (After Eltsema Bos ) Qreatl 
eultiTged. 
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especially in wheat, known as “purples,” “ear-cockles,” or 
“ peppercorns.” 

We may oflen notice in several parts of an ear of wheat 
that there are m place of the grams dark purplish - blown 
galls, having a striking resemhlance to a seed of the “corn- 
cockle plapt” (fig 30, a) On cutting open one of these “gulls ” 
the interior is seen to be full of a mass of a whitish -yellow colour, 
winch contains thousands of eelworm lai vee, varying from ^th 
to -^th of an inch long (fig 30, o) When these galls are re- 
sown with the wheat-seed, the apparently dned-up worms (b) 
come to life, and the eelworm larvfls enter the soil On the 
sound seeds germinating, the larvae make their way to the nearest 

Q rootlets of the seedling plants, 
and then bore between the 
leaf-sheath and the haulm, or 
in the terminal hud. As the 
plant grows they ascend, and 
quickly get into the oar and 
swell out the ovary (the 
future grain), whose walls 
become first dark-green and 
then purplish-brown From 
sixteen to twenty are found m 
the lowest flower of the ear, ten to twelve in the next, and from 
four to five in the topmost blossoms. As soon as they enter the 
flower the worms become sexually mature, and then lay from six 
hundred to sixteen hundi-ed ova, which give iise to the larvoa we 
find in the ear-cockle later on in the year* 

Samples of seed showing ear-cockles should not be sown 



Fio 80 — Bab-oooklB8 in Oomr (2)/lenchu8 
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At galled grain , a. larveo In cut grain n , 

X, larveo. (Qreatly enlarge ) 


The Stem Eelworm {Tylenclvus demstatvixy 

This small eelworm especially attacks oats, where it produces 
the disease spoken of as “Tulip Hoot” It also attacks wheat, 
oats,' onions^ hops, and many flowers, and is one of the causes 
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of “ clover sickness.” Eeans and peas also suffer. It Tvorks 
differently in the different plants it feeds upon The mature 
worm (fig, 32, 1) is -n^th inch long, eel-lika in form, and pointed 
at each end , by means of its piercing mouth-spine it enters the 
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roots and underground stem, making its way up into the tissue. 
It IS sometimes spoken of os the Stem Eelworm In oats the 
parasites cause the stems to heoomo short, swollen, and con- 
torted, and the edges of the leaves are often twisted, giving a 

F 
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tulip-like appenrance. Hundreds of acres of oats are frequently 
destroyed m tins way every year. In wheat it may cause tho 
same appearance Peas and beans are iirfested in the stomsj 
which decay Onions also became swollen and contorted Tlio 
female produces oval eggs, which occur, together with larvio and 
adults, in the plant tissue. The larv© on liatching are about 
one-seventh the sise of the adults As they grow they moult 
tlieir skm. As the plants decay they pass into the soil, wlicru 



1 Eel worm 2. Young form Jastemorged from ogg 3 Bolworm .md omr ij, 
plant tiaaues. (1 muoli magnified, 2 and 8 more highly ninguKloa ) 

they can remain a long time, even when dried up for some 
months . moisture resuscitates them. They are also camod in 
the straw in manure, Spnng-aown com is attacked mostly • 
autmnn-soivn seldom suffers Thus, where this disease is had,’ 
eprmg-sown com should he given up. Deep ploughing with a 
skim-ooulter should follow an attack, and such plants as barley 
grown ^erwards Top-dressings wiU also sometimes save an 
attacked crop if given m time. Sulphate of potash at the rate 
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of one hundredweight to the acre is advised, or, better still, sul- 
phate of potash, three hundredweight, and sulphate of ammonia, 
one hundredweight, per acre early in April 

The Beet Eelworm (Retcffodanra scTiachhi), 

For some time the beet crop on the Continent has been 
seriously interfered with by a pecuhar rotting disease, which 
has been shown to be due entirely to the working of an eel- 
worm, Heterodera scliachhz The female (fig 33, a) is found 
fixed to the root and rootlets of the beet, and, unlike moat 
AnguiUulidae, it is citron-shaped, and seldom longer than -^th. 
of an inch she nevertheless contauis as many as three or four 
hundred ova. The ova when laid ore found in groups, being 
united by a kind of gelatinous sac. The majority of eggs 
develop inside the female, this process, as a rule, causing her 
speedy death. 

The larvte when liberated seek out a root of the beet and 
boro mto it, and here they live, causing the disease. When 
they have entered the root they produce swellings — “galls,” 
in fact — over their abode (fig 33, o, d) The larva (fig 33, b) 
that has thus entered the plant sheds its skin, and instead of 
bemg elongated it becomes thicker in shape, ceases to move, 
and lies with the bulbous patch formed over it. At this time 
the sexes commence to appear distmct If the thick motionless 
larva is to become a male it ceases to feed, shrmks within its 
old skin, and develops a thm new one, very like the pupanum 
stage of some insects. The newly-formed male worm inside 
its old skin 13 more elongate — in fact, it resembles the typical 
form of an eelworm. When mature this male bores its way out 
of the root and commences its search for a female. Should the 
larva become a female, the development is much simphfied 
The female develops by a simple distension of the body and 
the formation of the female sexud organs. There is no pro- 
cess of reformation as we observe in the male. When the 
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female is fully formed, the lump on the root ruptures and 
releases the Worm ; but she, on the other hand, does not re- 
linquish her hold of the plant, to which she remains permanently 
attached. 


The deyelopment from the. egg to the adult takes about 
fire weeks. As many as six or even seven generations occur 



Pio S3 -The Beet Em,woKa (H/Uerodera aakachtU) 

A, femne . % liir> a , i, rootlet irttU galls ([tf) (AU greaUy enUrgeU ; 


in the year. This same worm attacks hops, and is said to be 
'one. of the causes of the disease caUed “ ITettle-head.” It is 
also found in wheat. 


Knot-root Disease in Cucwnhei's^ 

“Knot-root” is a disease which affects eucilmhers, tomatoes 
marrows, &c. It is caused by the eel worm Heferode) a radieicol^ 
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which produces swollen areas and knot^ of various sizes on tlie' 
fine and thick roots The eelworms swarm in these galls, and 
when the latter decay pass into the soil, which becomes infested 
With them, ready to attack any fresh plants. This pest has 
become so bad m tomato-houses, &c., that the soil has frequently 
to ' be removed. The soil may also be burnt, and then will 
remain free for a long time. The soil should be heated to 
over 140® but not exceeding 212® F Eussell obtained 
very satisfactory results between 180® F and 200° F . ; ^ cwt. 
of fuel IS enough for one ton of soil. It should be kept at 
the temperature for an hour. Naphthalene mixed with the soil 
IS also said to be good. 

i * 

AaOAIUDiE AND FiLARIDA!. 

-The Ascarzrho or Eound-worms, and the Filaridce or Slender 
Thread - worms, are found m animals and man in various 
positions,* but especially in the intestine. They are often 
present' m very large numbers, yet seldom cause any senous 
constitutional disturbonca They are not only found m man, 
the hbrSe, pig, dog, and cat, but also in many cold-blooded 
animals. ' 

The Arcaridui are characterised by the following features : 
Body .fairly stout ' Mouth trianglilai^, and furnished with three 
lips with papiUoa (fig. 34, f). One is directed towards the 
dorsal surface, the other two meet together in the ventral line 
The male' has the end of the body curved, and armed with 
tWo spicuka or sickle-shaped hooks (c) 

' The Filaridoi^ on the other hand, may be identified by the 
following . Body elongated, longer than the Ascarids. Thread- 
shaped - Six* oral papillra often present, sometinles there is 
a horny oral capsule. There may be two spiculse which are 
unequal Or only one, also four pree-anal pairs of papillse and 
an unpaired papilla occasionally. 

The Ascandm all live in the gut of various animals, especially 
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m the small intestine The Filandoe take up their abode in the 
connective tissues 

The moat typical Ascand worm is the large round worm 

found in the horse, 
called A&cm'is magalch 
cephala. It is one of 
the largest species of 
the gen Its Ascarts It 
is yellowish - white in 
colour, slightly ridged, 
and about ten mchea 
long in the $ and six 
in the male. This 
worm 18 common in all 
EquidoB^ hut only affects 
seriously young ani- 
mals. They produce 
colics and digestive 
disturbances, and some- 
times so obstruct the 
mtestiue as to cause 
death. The ova are 
nearly globular bodies, 
and are seemingly m- 
troduced into the horse 
in drmking water. A, 
Eia 84 — abcaeida milla (fig. 34) is often 

A, WftlB Aaoctrui suUla b, female Ascaris (after found in the pig The 
Enllliet), c, caudal extremity, with Hplculro of a, j. 

D, ova , E and F, oral paplUa3 of A. male 18 from lOUT to 

Six inches long, the 

female often as much as eight. It is found in the small 

intestine, and may produce serious colics 

Another Ascans, A lumh^icoidcs^ is found in the human 

being. 

A common and often troublesome worm m horses is the 
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“Maw-worm” this is one of the Oxyures, which may be told 
by the posterior end of the oesophagus being enlarged into a 
spherical bulb with a masticatory apparatus. The female is 
quite unlike the male, having her body long, thin, and pomted 
towards one end, whilst the other is much enlarged and cylindri- 
cal, The male is cylmdncal, and has no long tail-like process 
and only one spiculum Tlie common Maw-worm is found in 
the largo intestine of the horse and other Eqnidee * it is known 
as Oxyuns nirmila (fig 36), 
and may often bo seen 

hanging from the horse’s ff IW v fg ^ 

anus. We have known H |i (m 

these worms cause very se- U Ij |f 

rious emaciation in horses, ^ a f| 

but they are easily cleared I If 

out by the use of santonin \ « I 

powder. This vermifuge ^ ^ 1 

expels many females full of \ 1 

eggs, and immature forma ft 

A long -tailed dimorphic ft 

form called MasUyodes (fig \ 

36) has been described by \ 

Nitzsch. Males are com- \ 

paiatiYely rare These P.r S6 -Oxyceeb of eob... 

T FemaloB with short tails (-Chirwla) Rail- 

worms, I have observed, ^0^ (From Nonmann ) 

are passed usually in the 

mornmg, generally numbers together, the excreta of the host 
being full of their ova Very closely related is the obnoxious 
little human worm, 0 vermiLvdai'ts 

The Filajidfie are filiform worms, all of which are found in 
connective tissue or blood and never m the intestine A common 


form in the horse is FiLa) ia iiapilloaa, a white worm about six 
inches long found in the peritoneal cavity Thousands have 
been taken out of the thoracic cavity of the horse at one 
time They sometimes even penetrate the scrotum The 
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ljIe-hi3tory of this worm, like many others, la quite unknown 
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4nother species, known as 
F. iinmihSy is found in the 
lieort and pulmonary artery 
of the dog. Neither, how- 
ever, occasions sufficient 
loss to call for further 
remarks 

Filaria also are parasitic 
m njan, causing Elephanti- 
asis or Filanasis These 
small blopd and lymph 
parasitps are earned by 
mosquitoes (CulicidsB), as 
IS also the F immitia of 
the dog 

TJiyvwl administered as 
stated in Appendix L is, 
pertain to free the mte^tines. 
of Ascafid parasites. For 
Ftlaridcb it is a matter of 
prevention. The destruc- 
tion of mosquitoes will 
lessen the chance of man 
and dog being infected by 
these blood-hving parasites. 

SuilMAIlT OF pLATYHSlr 

MIKTHES AND NeMATHKL- 

MINTHES. 

Amongst these two divK 


, rem«iefrwi^ long tails (sijfadtoofZcfl) gions of wonns W0 have 
(From Noumann ) 

a gone into 'vve must note 


seretal important points, Fust, tlioir parasitic iiabits, and, the, 
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often fatal results of this parasitism, secondly, the almost 
universal rule (except in some Nematodes) of having two 
distinct hosts during their life-cycle ; thirdly, the extraordinary 
reproduction, often asexual, and the occasional alternation of 
generations ; fourthly, their great vitality, not only in the egg, 
but also in the larval form , and last, but not least, the gi’eat 
part water and infected soil play in their distribution In 
nearly all the worst forms of worms producing animal diseases, 
the worm posses some part of its life connected with water, 
in water animals, or in or near the soil ; for instance, take the 
Flukes, Polisade-worms, Gape-worms, Ascands, Filarias, and 
even some Cestodes Thus by paying some attention to what 
we know of their life-histones, and especially that part of their 
history in which water plays some part, we may check the 
deadly results that often happen 

We must also note how one animal becomes infected passively 
by devouring another. If we know the various hosts we can 
often stop the attacks by paying attention to these points, as in ' 
the “ sturdy ” of sheep and the “ trichinosis ” of the pig, by the 
prevention of canines getting the diseased brains and pigs the ' 
infested rats respectively Dogs kept free from lice (Tncho- 
dectes) will have none of these bothering and nauseous httlo' 
tapeworms to contend with; whilst if we could only 'lessen the 
water-snails {Liiimcms truncatvl7Ji8\ or keep our sheep av^ay from 
them, we should be exempt from the “ hver-rot ” in our ovme- 
stock 

In regard to ourselves, it is just as important that meat should 
be cooked well, so as to destroy the “measly cysts” and trichina' 
germs in pork, as well as'tend to lessen the chances of contractmg 
that widespread malady iuherculosiSi and that mosquito larvae 
should be killed to prevent “ Filariasis ” m man and dogs. 
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CHaPTEE VI, 

WORMS — Continued, 

CH-ffiTOPODA Aisro Hibudinba. 

Off the aeginented ■worms two groups are of interest to the 
agriculturist — namely, (i) the Earthworms {Lmuhiicfido^ and 
Aster- worms (Enchytrceidm), and (ii) the Leeches {Hirudimdm ) . 
the first are beneficial to the soil ; the second are injurious , the 
last harmful to horses, c&c. 

Segmented worms have a brain, a circum-msophageal nerve- 
ring, a ventyal nerve-cord, and a definite vascular system. 
Generally they are round, but some— such as the Leeches — are 
flattened ventrally. In form most are cylindrical, with a thick 
muscular skin. The body is made up of a number of successive 
segments, constricted off externally. Those segments following 
the head are similar externally and internally. The tail seg- 
ments differ, and give origin during the growth of the worm 
to new segments antenorly. The internal divisions are called 
dissepiTlfientSi and may correspond to the external segmentation, 
or may equal three, four, or five of the external rings. 

These worms are found in all manner of places The OJiceto- 
•poda are marine and terrestrial The marine species live m the 
sand, on rocks, shells, &c. The terrestrial hve in damp earth, 
and others live in fresh water They all require damp media to 
flourish UL Very few are parasitic , those that are so are mamly 
parasites of plant roots. 
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Moat of those worms are oviparous ; a few produce living 
young , the majority are hermaphrodites, the testes being paired. 
The development is often direct , the eggs are laid m patches or 
cocoons, and give origin direct to young worms 

A larval form is, however, found m some marine species 
{GlicBtopodci) known as Lov^n’s Larva, whose growth resembles 
in many respects the growth of a acolex mto a Tapeworm. 

Segmented worms move by two different processes : (i) by 
simple or grouped setm or bristles placed in the cutis, Earth 
worms, &c. {Oligoclimta)^ and (u) by termmal suckers {Eirvr 
dinea). 

Reproduction may be asexual, by fission and by gemmation 
in the long axis (^GlKBto'podci) As a rule, it is sexual, when the 
worms may be hermaphrodites {Oligoclimta, Hirudinea) or of 
separate sexes (Marim Ghcetopoda). The food very largely 
consists of animal matter , at other times, as in the Earth- 
worms, of decaymg vegetation and minute animals in the soil. 

Earthworms (Lumbrici). 

The Earthworms belong to the Cheetopod group GhgochcBtoe^ 
which are charactensed by being terrestrial, having no parapodia, 
but setsa as organs of locomotion; no oral armature, oixri, ten- 
tacles, or branchiae. They are hermaphrodites, and develop 
direct. 

The Oligochmtee are again divided into (a) the Ten^colm, or 
tiue earthworms, with nephridia in the genital segments, and 
(Z;) the lAmicolcOy or water-worms, whicn have no nephndia in 
the genital segments {Naidoa), 

Life-history of the Earthworm {Lmnlvicus terrestns) —The 
eggs of the earthworm are laid m heaps or capsules m the 
ground- In one or two weeks these white transparent eggs give 
rise direct to young Lumbnci, which are at first soft, but as they 
grow they obtain a compact skin armed with setse m simple pits 
and have red blood. Eyes are never present, yet worms are very 
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auqceptible to light. Each cApsule is filled hy several ova, plus 
the sperm from the male receptacle As a rule, only one ovum, 
or a very few at least, develop , the others die and shrivel uji, 
unless eaten, as they often are, by the embryo that hatches out. ’ 
This embryo eats not only the others, but it takes up all the 
common mass of albumen. It then bursts its way out of the^ 
capsule as a perfect worm, minus its sexual organs Earth worins 
grow by fresh segments being added posteriorly. The inatiire 
female organs are two ovorifes in the thirteenth segmeht And two 
oviducts in the same, commencing in two ciliated fimnels and 
openmg to the extenor in the fourteenth segment. On^ the* 
ninth and tenth segments are two pairs of sporm-rSaervbirs, 
the receptacula seminis, which open between the nmth and 
tenth and tenth and eleventh segments. Thesei are ftiH of 
sperm duruig copulation. > ' ’ ■ 

The male organs consist of two pairs of tdatea in the tfeith' 
and eleventh segments, opening by an aperture on- thO fifteenth 
In the anterior half of the worm, over these sexual organs, la 
formed in the breeding season a -swollen band called the ditellus 
Earthworms, although heimaphrodites, copulate : this act takes 
place at ni^ht on the surface of the earth m June and (J'tily 
to the greatest extent. The worms apply themselves ventrolly 
to one ahother, and he in opposite dueciioils, so that the open- 
ing of the receptaoulum semmalis of one worm la oppo^fcO thV 
ditellus of the other. During copulation the sperm flows back 
along a longitudinal groove to the teceptaculum of tt/e other 
worm. The ova produced as the Result of the fertilisation 
underga unequal segmeUtation. 

Earthworms live most of their time underground, burrowitig 
to i great depth, often do wit to the subsoil: by so doing they 
let m moisture and au, and loosen the 'subsoil to i coUsid^able’ 
extent, thereby doing much good. ThOy draw do^hl into then' 
burrows numerous leaves and other vegetation, winch IhOy^ 
devour in large quantities . they feed upon these leaves dufing 
the daytime, and draw them down at nrght.^ We may often 
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400 them partly protruding from the opening of their burrows. 
■La^go quantities of earth are also eaten by these useful annehds, 
which they pass out of their tunnels on to the surface as the 
“ casts ” hr wotm-casts we see so abundantly on our lawns, &c., 
at certain tim6s By so doing these annelids are constantly 
^btingmg^ fresh soil to the surface, aometimed from a considerable 
d^pth, and thti4 dp immense good To the workings of earth- 
‘wc3rms the spil called humm is partly dufe, by the repeated out- 
po^iring of their casta and the intermixed leaves that they are 
cdnstantly drawing down, and 'which soon become decayed. 
Humus is a dark rich soil which covers tho surface of the land. 
According to DarWm, every year as much aS' ten tons of soil 
-are passed through their bodies and brought to the surface by 
.them p5r ^acre. Worms prepare the soil for seedlings of all 
‘kihda by exposing the mould to the air, and by sifting put the 
large stones. Bones and d^ln'is are buried under their, oastinge, 
rand, decaying, mix with the dead‘ leaves, <fec., that they draw 
beneath the soil, thus augmenting its fertility. 

\ ' r 

Astir and Plant Hoot Worms {EncTiyh^mdcB), 

Some of these worms are said to be plant parasites — the 
so-called Enehytrwidoi — which hve in tlie soil and attack the 
roots of plants. They are small woimaj usually white m colour, 
and can bo told by the setfie bemg arranged m rayed groups, 
not singly as m Lumbricua 

Hlrudinea (Leeches). 

The last group of worms to examine are the Leeches. 
Leeches are provided with a ventral sucker for attachment to 
their host. They are all hermaphrodites, and parasitic during 
some time of their life, hut are chiefly ecto-parasitea The 
body of the leech is ringed, but the outside annulations do not 
coiiespond to the mtemal divisions. There may be two suckers, 
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one round the mouth, the other ventraL The oral aperture is 
composed of three slit-hke openings, in each of which is a 
serrated jaw 

Life-history of Leeches , — The ova are fertilised m the worm 
Prior to depositing their ova the worms ajichor themselves upon 
a stone or plant, or in the case of the medical leech leave the 
water and burrow into damp earth and mud At this time the 
genital rings get much enlarged by the swelling of the genital 
glands, and the cells in the skin, of a glandular nature. When 
the time to oviposit comes the leech tightens its hold of the 
plant or object on which it is fixed ; it then moves about with 
much violence and covers the front of its body, especially the 
genital nngs, with a viscid mass, which hardens and produces a 
fine membrane. When this membrane is complete the leech 
passes out a number of ova and an albuminoid mass, and at 
once withdraws its body from the barrel-shaped capsule, which 
is left behind as a kind of cocoon full of eggs, each loose end 
closing up and forming a safe shelter for the ova, of which there 
are only a few m each cocoon. Prom these ova young leeches 
appear, of the same form and appearance as the adult, but not 
sexually mature. Most leeches live in water or in damp earth 
They move by a aeries of loops with the help of their suckers, 
and also by swimming. Many are parasites on the gills and 
akin of aquatic animals, such as fish and crayfish; others are 
only occasionally parasitic on the skm of warm-blooded animals. 
When young they live upon snails, insects, frogs, &c , but when 
mature they seem to require the blood of the warm-blooded 
animals for nourishment. 


The Horse-Leboh {Scemopis sanguisuga). 

The horse-leech has an elongated body contracted in front, 
widest in the middle, and with a sucker at each extremity. It 
IS composed of from 95 to 100 rings. They copulate much as 
described m the case of the earthworms There is also a girdle 
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or sexual band produced The ova are laid about forty days 
after fecundation. When ovipositing, this leech, like the 
Medical Leech {H, medtcincdis), burrows into damp ground 
and lays about fifteen ova in the funnel-shaped case secreted by 
the girdle This case is left by the worm, and hardens and 
forms a brown spongy cocoon. Each leech may form two of 
these cocoons. The ova take from twenty to thirty days to 
incubate The young leeches are filiform, and remain near the 
case for some days, using it as a kind of shelter 

This species attacks horses as they come to drink, each 
individual withdrawing as much as one and a half drachm 



of blood from the. wound they make with their mouth. Often 
one may see blood flowing from the wound after the leech 
has fallen olf its victim, gorged with food. There is some fluid 
in the pharynx which prevents the blood from coagulating m 
the leech. This feast will last the worm for a year. Leeches 
are long-lived animals, not maturing until four or five years 
old, and live for as much as twenty years They inhabit 
ponds, ditches, and springs, and flourish on the bottom mud. 
The young seem to be very partial to running water This 
horse-leech is met with over most of Europe and m North 
Africa, and is extremely troublesome to horses in Syria It 
does not live on the skin, but enters the mouth, nose, &c , of 
horses as they aie drinking, and seizes hold of the mucous mci}i- 
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orane, which it lacerates They have been found in the month, 
P larynic, nasal foasre, larynx, and vagma. So much blood is 
sometimes withdrawn that the animals are Villpd 

The Medical Leech {H medidndlie) used to be apphed very 
plentifully for bleedmg, but now is seldom employed m this 
country for that puipose. It is still bred in large numbers in 
ponds in France, where it is fed by puttmg old horses into the 
ponde, upon which they ravenously feed and soon kill. 

Land-leecl)£g also occur m some regions, especially Ceylon 
Tennent, m his account of the island, tells us that he has seen 
blood flowing over the edge of Europeans’ shoes from their 
innumerable bites. In England leeches are seldom troublesome 
to any great extent. 
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CHAPTEE VII 

ARTHROPODA OE JOINTED -LIMBED AiTIMALS. 

More is known of this group of animals than of those we have 
been dealmg with m the last three chaptera This is due to 
their more pleasing and interesting, if too often injurious, habits 
One seldom meets with a collector of the innumerable worms, 
whilst, on the other hand, the jomted-limbed animals have hosts 
of devotees m all parts of the world, especially those sections of 
them — such as the briUiant and elegant Eutterflies and Moths 
and Beetles — which make a considerable show when captured 
and placed in a cabinet. Yet there are several of the Arthro- 
pod groups which meet with little attention, and these particular 
groups, although inconspicuous, are of the greatest interest and 
importance to the agriculturist and horticulturist. 

Arthropods are invertebrate animals which are bilaterally 
symmetrical, and which have their bodies divided up into a 
number of rings, called segments or somites, some or aU of these 
segments bearing ventrally one or more pairs of jointed append- 
ages. The Arthropoda have an external skeleton formed by 
the skin becoming hardened from the deposit of a substance 
known as chitin. All this class of invertebrates are provided 
with a distinct alimentary canal, nervous system, and reproduc- 
tive organs. Eespiration takes place m a variety of ways ; the 
whole body surface may be respiratory {Acanna)^ true pulmonary 
sacs may bo present {A)aneida\ or a specially modified sjstem of 

Q 
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respiratory tubes known as TrachecB may be elaborated (Hexa- 
poda, &c ) I whilst the Gi^ustacea or Crabs, Lobsters, Wood-lice, 
&c , are provided with branchiee or gills. Development may or 
may not be direct. Spiders {Aran&ida) are very similar to the 
adult when first hatched Hexapoda and many Crustacea 
develop by means of a metamorphosis or transformation • the 
young insect on hatching from the egg is totally unlike the 
adult or imago, and is known as the The larval stage 

may give nee to a second condition, the pupa or chrysalis, m 
some insects. The changes from the larva to the imago or adult 
take place partly by a senes of moults or ecdyaes — the old skin 
of the mseot rupturmg and then releasing the larva, which has 
pnor to its moult formed a new and soft skm, capable of dis- 
tension, beneath. This enables the internal organs to swell out, 
and thus growth takes place. Durmg this ecdysis the entire 
exoakeleton is cast, even the chitmous covering of the eyes and 
feelers. Growth also takes place between these “moultmgs,” 
for there is a soft space between each segment or somite which 
enables the entire abdommal region to stretch. There are in 
some insects, however, more complicated changes than those 
mentioned here, A complete remodelling of the larval body 
takes place in the pupal state, whereby the larva is metamor- 
phosed into the imago by a process called Hutolyaia. Sense- 
organs are well developed in most arthropods • organs of vision 
are represented by two kinds of eyes, — simple eyes or ocelli, 
and compound or facetted eyes, complex ocular structures 
peculiar to the jointed-limbed animals. The senses of hearing, 
taste, and smell are also strongly developed, the antennse or 
feelers bemg probably the most important structures m connec- 
tion with heanng and smell, although the palpi probably have 
some such function. In conjunction with these we find a highly 
developed brain, at least for invertebrate animals, and a central 
nervous system consistmg of a ventral nerve-cord and a pair of 
ganglia m each segment. Considerable variations take place in 
the latter : numbers of gangha may amalgamate, as seen m some 
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flies {Dijptei'c^^ or may remain separate, as in many Orthoptera 
{Godkroaches), 

There is great variation in form and in habits of these various 
jointed-limbed animals, which can be enumerated as each group 
is taken. That they are of much economic importance to the 
farmer, gardener, and stock-keeper is needless to state Insects 
and mites are accountable for endless loss to the farmer, fruit- 
grower, and gardener. Mites {Acannci) not only devastate our 
fruit and hops, but ore the cause of such wasting diseases as 
“scab,” mange, and various other acariosic diseases in stock, 
whilst even the aquatic Crustacea have amongst their vast con- 
course of species some, such as the Wood-louse and Land Crabs, 
which have a terrestrial life and have become injurious to 
mankind. We must not be led away, nevertheless, with the 
idea that all Arthropods are our enemies, and so mthlessly 
destroy them : many are of infinite help to us as agents for 
keepmg down and destroying those that do us harm, whilst 
such insignificant creatures as the Coccidee produce not only 
cochineal but also sealing-wax, shell-lac, and other products. 
The Silkworm and the Bee alone make up for the many 
deficiencies of insect life. 

The Arthropods are divided into four sections, namely — 

1. Oi*ustacea (Crabs, Lobsters, Shrimps, &c.) 

2 Araneida (Spiders, Mites, Scorpions, &a) 

3. Mynapoda (Centipedes, &c.) 

4. Hexapoda (Insects), 

The Crustacea and the Hexapoda have the Arthropod char- 
acters most clearly defined, and we will take one of the latter 
gi'oup to point out the peculiarities and general structure of the 
Jointed-lmbed Invertebrates. 

For this purpose we cannot choose a better example than the 
Cockroach {P&iplaneta ammcana\ which con be easily ob- 
tained, as our type This species, although not so universal 
as the common Cockroach, the so->called Black-Beetle of our 
kitchens {Blatta oiimtalia)^ offers better scope for dissection. 
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being much larger. It may be obtained in numbers from any 
of our docks, and is often present in such hordes on board ship 
as to be a gieat nuisance. 


Teh Cookroaoh. 

The whole insect will be observed at first sight to be covered 
with a chitinous exoskeletou, which is thick and hard, dark 



Fio SSL — STBUcrnKB of af Akth copod (Perfplanrta ameiieana). 


E, head, Th, thorax, Ab, abdomen, Ma^p, maxillary palps, Ip, labial palps, JIA, 
raaxlllBB, Ant, anteimse, B, eyoa , Bp, epicramum, /, feneatna, F, protbonix, 
mesothorox , Me, metathorax , Ce, cerel , S, styles , iiio and Afeto, nieao- and mota- 
thoraolc wings , PI, Ml, and Me Z, legs , Fe, famnr , '1%^ tibia , Tr, tarsus , 1-10, 
abdominal segments 

brown in colour, but paler and softer between the somites 
The body of the cockroach is divided up into a number of 
rings or segments, which are movable upon one another except 
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those of the head, which are fimily fused together. This 
segmentation of the exoakeleton is seen, internally, in the 
muscular and nervous systems. 

On examining the cockroach (fig 38), which belongs to an 
order of Hexapod a known as the Orihaptera^ we shall at once 
notice that the whole body is divided into three parts — the 
head^(jB}, the thorax or chest region (2'^), and the abdomen 
(Ab), The head is loosely connected with the thorax by a 



Fio. 89.— A, Hbad, Ajn> b, Lowbb Ltf of Cootcroaob. 

narrow isthmus of tissue, the neck The head is broad, and 
the mouth, which bears biting jaws, is on the lower portion. 
The jaws will easily be seen to work sideways or transversely, 
and not vertically as ours do. Situated on the head are two 
large, black, reniform elevations, the eyes (JS), one on each 
side. These are the compound eyes, each being composed of 
a number of hexagonal facets. Situated at the inner side of 
the bases of the feelers or antennas are two small white patches, 
the so-called fenestrm (fig. 38,/, and fig 39 a, F), The antennae 
or jointed feelers spring from the base of the eyes m a de- 
pression on their antenor edge. The dorsal and posterior 
surface of the head is called the epia'anium (Ep), Below the 
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epicranium comes the dypeus (fig 39 a, c), a broad plate, 
which is followed by a smaller plate united to the front of 
the clypens, called the lab'um or “ upper lip ” (L), The plate 
on each side below and behind the eyes is called the gena or 
cheek (Q) Ocelli are absent m this type, other vnse they would 
be situated on the epicranium The then ax is composed of 
three segments, united by suturea Each segment is kgown 
respectively as the pro-, meso-, and metathorax (fig 38, Th), 
Each ring is composed of an upper plate, the no turn or tergum, 
and a lower plate, the sternum, so that m the thorax we have 
pronotum, meso-, and metanotum above, and the pro-, meso-, 
and metasterna below. The spaces between the nota- and 
sterna are covered by chitinous plates, called the pleuree. The 
•pi^rwtum^ the upper portion, is prolonged over the neck The 
mesonotum, which is smaller than the pronotum, bears a pair 
ot leathery wings These wmg-covers are movably united to 
the tergum or mesonotuTn. The metanotum also bears a pair 
of thinner wings, the true organs of flight If we are examining 
Blatta anmtoLis we shall not observe these in the female, nor 
the second pair of wings. 

The abdomen {Ah) is flattened dorao-ventrally It is com- 
posed of ten distinct somites, the hinder ones being m visible, 
as they are pushed mto the anterior ones. The upper parts of 
the segments are called terga (fig. 42, T) Of the ten, only 
eight can normally be seen, the eighth and ninth bemg hidden 
under the seventh. Situated at the side of the posterior ventral 
anus are a pair of small plates called ^^jpodiedl plates. It is 
said that these represent an eleventh segment. They can easily 
be observed by raising the tenth tergum. On the tenth tergum 
are a pair of jomted processes called cerd (fig 38, Ce). In the 
male a pair of styles are also borne on the ninth sternum (jS). 
The at&^na are the ventral plates, the equivalents of the terga. 
The seventh m the female bears a process poasmg backwards, 
formmg part of the large genital pouch. 

A;jppendages of the Jieoc?.— On the head ore placed the antennsa 
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and the mouth The latter opens behind the lahrum and be- 
tween the jaws The two antennae arise from two oval mem- 
branous patches below the eyes and just in front of them. The 
mouth IS of that type known as the biting mouth. It consists 
of a pair of stout jaws, toothed on the inner margma, the 
mandibles -(fig 39 A, M), These jaws are present in all biting 
arthropoda The first maxillcB follow the mandibles behmd. 
Each maxilla consists of three chief or, primary parts — (i) the 
'pi otopodite , (ii) endopodite , (iii) exopodite. The first will be 
seen to consist of two joints, the cardo or proximal jomt and 
the stipes or distal joint. The second, or endopodite, has also 
two parts, the inner portion or lacinia being blade-like, the 
outer or galea soft. The exopodite, usually called the maxil- 
lary jpalp is a five-join ted process, earned on the outer 

side of the distal end of the stipes 
The second maxillae (fig 39 b) are very like the first, but 
small, and are fused together, forming a plate in the middle 
line, the labium or lower lip. The structure of this lower lip 
18 easily seen m this insect. The two basal parts of the proto- 
podites are fused m the middle line, forming a two-jomted plate, 
the larger one being called the mhm&rdum {Suh\ the smaller 
and distal one the mentum {Me). The latter bears endo- and 
exopodites The endopodites together are known os the Ungita 
{L%) The exopodites are three-jointed palps (ip). 

Tliorade appendages, — On the thorax are three pairs of legs 
attached to the sterna, and two pairs of wings united or articu- 
lating with the meso- and metanota 

Each leg is made up of five divisions as follows : the coxa 
(fig 40, a), a stout, proximal, leaf-like segment, uniting the leg 
to the body ; then follows a small segment called the troehant&i' 
(&), which unites at its distal end with the femur (c), which in 
turn IS followed by a slender straight segment armed with 
spines, the tibia (d) The last division, the tarsus or foot (p), 
IS constituted of six segments in this type (Cockroach), the last 
tarsal bearing a pair of claws or ungues (h). The number of 
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taraals vary in different groups of Arthropods The first tarsal 
is sometimes spoken of as the metatarsal (/). 

Abdominal ajppendages are seldom found in Hexapods • when 
present, they are never in the form of locomotory organa a& they 
are in Crustacea and Myriapoda. In this type we see only the 
anal cerci before mentioned. The anus is situated beneath the 
tenth abdominal tergum and between the podical plates 
The spiracles (fig 42, Sp)^ or breathing poies, are at the sides 



Fig. 40 — STBUonniB or iNasor Lao 

a, Ooxa , hj trocliaiiter , a, femox , d, tibia , c, tlbial dpur , /, metatarsus ; 

Qf tarsus , 7i, ungues 

(Six foot segments ooour In the Oockroaoli.) 

of the thorax and abdomen, they are twenty m number On 
the thorax one pair will be seen between the pro- and meso- 
thorax. another between the meso and metathorax, and others 
on each side of the first eight abdominal segments They are 
in the form of slit-like oval openings, with branched processes 
running across them. 

Internal Anatomy of the GoclcroacTu 

By dissecting the cockroach under water we can gather a fair 
knowledge of the general anatomy of an arthropod with con- 
siderable ease. On removing the chitinous covermg of the 
thorax and abdomen very carefully, there will he exposed a 
straight chambered tube running along the middle line of the 
thorax and abdomen. This is the so called msect heart, T.nteral 


ANATOMY OF AN AttTHBOPOD 


105 


slit-like openings along the sides of this organ are called the 
through which the blood returns to the heart, to be pumped out 
afresh to the body, through the opening m front, by a rhythmical 
contraction of the walls of the tube. There are no blood-vessels 
as m higher animals; the blood is 
poured into the body cavity, and 
there bathes the organs and comes 
in contact with the respiratory tubes. 

An. opaqiie-white mass of fat, the 
fat-hody^ surrounds, or nearly so, the 
abdomen. 

The digestive organs can be easily 
unravelled, so that each part is dis- 
tinctly visible The ahmentary tube 
13 short, and convoluted m the hinder 
parts The first portion is lodged 
in the head, and uncalled the luccal 
cavity^ into which open two glands, 
one on each side, the salivary glands 
(^^)> ^ single salivary duct {8d) 

in a median aperture. Then follows 
a narrow gullet or OBSojphagvs {Ogs)^ 
which gives rise to a part which is 
situated m the thorax and a portion 
of the abdomen, the arop (P) The 
crop IS thm- walled ; but the next 
division, the gizzaid or stomach, 
has hard muscular walls and con- 
tams six large teeth. These ali- 
mentary parts are known as the siomatodcBum^ being formed 
by an anterior mvagination in the embryo The stomato- 
deeum has a chitinous Iming continuous with the chitinous 
cuticle of the head. Following the gizzard will be observed a 
short thm tube, which forms a connection between the origmal 
anterior and posterior mvaginations of the embryo. It is called 
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fchB mesenteron (8{). The hinder parts of the canal are com- 
posed of the small and large intestines and lectum. The proxi- 
mal end of the short small intestine or ileum is marked by the 
attachment of a number of fine glandular tubes known as 
Malpighmn tubules {Me), which are probably excretory organs. 
The colon or- large intestine {Li) is wide and long, and termi- 
nates in a short dilated terminal part, the rectum {R). At the 
anterior end of the mesenteron will be seen seven con\oluted 



Fia 42 TbacheAi and 11 , Bidb vubw of pabt of AfiDOAfDN, showing spli aole (<?^) 
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club-shaped diverticula called hepatic rceca {ET}, (Five only ore 
represented in fig. 41.) 

The Ee^imtory System consists of a senes of tubes containing 
air. This can be easily demonstrated by plunging the opened 
cockroach under water, when the tubes will be shown as silvery 
threads, due to the air contained in them. These air-tubes or 
irachecB (fig. 42, i) commence at the spiracles and run to all 
parts - of the body. When minutely examined the trachesa 
will be seen to be circumscnbed by a dark spiral band (a). 
Respiration takes place by these tubes, carrying the air to all 
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parts of the body and its organs, hence blood-vessels are not 
so necessary as when one definite area only is for respiratory 
functions, as m the lungs of a vertebrate animal. In the former 
case the air goes as it were to the blood , m the latter the blood 
goes to the air Exspiration takes place by the muscles of the 
body contracting and so compressing the tracheal tubes ; inspira- 
tion by the elastic recoil of the walls of the tubes. 

The Beproductive System consists m the male of testes^ vasa 
deferentia^ vesiculce semindLes, and ^aculatory duct. Unlike the 
worm, a single pair of testes only exist, embedded m the fat 
below the fifth and sixth segments of the abdomen. They can 
only be seen in a young cockroach The tubes leading from 
the testes to the vesiculse semmales are the vasa defefrentia^ one 
on each side The vesiculfle form two tufts of white glands 
which hold the spermatozoa, and which open into the anterior 
part of the ejaculatory duct. The female organs consist of 
ovai'ies^ which are two sets of long tubular organs in the hind 
end of the abdomen. Each ovary is composed of eight tubules, 
uniting to form a single oviduct on each side. In each tubule 
the ova may be seen in different stages of growth. The oviducts 
unite before opening to the exterior mto a single tube. There 
IS also a body called the spermatheeaf which opens by a median 
aperture on the nmth sternum, consisting of two small unequal 
c 80 ca Close behmd the opening of the spermatheca are two 
other apertures, those of the collatejial glarids^ much branched 
and convoluted tubular organs. Externally will be seen six 
strong processes definitely arranged on the ventral surface 
between the vulva and anus, used as aids to deposit the ova 
( = female genitalia) The mole has a number of hooks and 
plates formmg an external copulatory organ, the equivalent of 
the female processes, but asymmetrically disposed. 

The Nervous System (fig. 43), which can be exposed by re- 
moving the fat-body and organs, consists of a supra^oesophageal 
(a) and a suh-oesopliageal ganglion (c) united by commissures, 
forming an oesophageal “ nerve-coUar ” (h) around the gullet in 
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the head Running down the ventral surface of the thora 
and abdomen la the ventral nerve-cord, which is double. Thi 
chain IS swollen out into a pair of gangha united by comm is 
suiea m each of the three thoracic segments (fig 43, cZ, 3-5) 
and a pair in the first six abdominal segments. There is also i 
visceicd nervous system (fig. 41, Te), 



Charaotuhs op the pour Ghodps op Arthbopoda. 

The following are the distinctive features of the four divisions 
of the jointod-hmbed animals • — 

1, Grustaoea — ^Thia is the group that includes the Lobsters, Crabs, Shrimps, 

PrawuB, Crayfish, Wood-hce, &c They ai e nearly all water-breathing 
Arthropods, respiring by means of branchiea or gills There are always 
two pairs of antennea and compound or facetted eyes. On the abdomen 
are organs of locomotion 

2. Araoknoidea — These are the Spiders, Red Spiders, Scab Mites, and 

Scorpions Respiration is various some respire by lungs, others by 
tracheae, yet others by the whole body surface The head and thorax 
are always united into one piece, the cephalothorax, and m some 
(Mites) the abdomen is also muted to the cephalothorax Antennas 
are never present. There are always four pairs of legs (except in 
Enophyidae), which are ne^er earned by the abdomen Eyes never 
compound, ocelli only present. 
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Myriapoda — Centipedea and Millipedes. Head quite separate from the 
body, but no distinction between thorax and abdomen visible One 
pair of antennae. Abdomen composed of many segments Legs very 
numerous, always more than eight pairs Tracheal respiration 
A ffexapoda^’B.oa.dt thorax, and abdomen distinct One pair of antennee 
Eyes both simple and compound Legs always six m number No 
appendages of locomotion on the abdomen. Two pairs of wings 
genei^y present. Respiration tiacheal. 


Crustaoba. 


The Crustacea are chiefly aquatic arthropods. Some few 
species live in damp earth and in damp general surroundings 
(Wood-lice and Land Crabs). The Wood-lice belong to the order 
Tsopoda . they may be told by the equal and symmetrical feet 
or legs, whilst m the others, such os the Ciab and Lobster, the 
claws are asymmetrical. There are three species injurious to 
horticulturists m Europe, all of which 
belong to the family Ontscidos. The 
Omscidee belong to the second tnbe of 
Isopoda, called the Euisopoda, which 
have the body made up of seven free 
thoracic segments and the same number 
of paired appendages The abdominal 
feet are so modified as to form branchial 
lamellee. The Oniscids or Wood-lice 
(fig 44) are land laopods, with the 
endopodites of the abdominal feet 

formed into branchise, the exopodites t^*of 'iS)roeiuo ™ 
mto protective lateral plates on the 

outside. Peculiar modifications may be seen on the two front 
abdominal feet, which are provided with special sacs to contain 
air. The three common species are OnisGus aseUus of Linnsaus, 
PorcelUo aadber of LatreiUe, and Armadillidium vulgai'is of 
Linnsaus (fig. 44, a) They are popularly called Monkey-peas or 
Slaters in Britain, the Cow-bugs of America ; perhaps the term 
Wood-louse IS that m(?st usually employed. 
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Oniscm obbTIus is omnivorous, eating animal and vegetable 
refuse The Onisci thus act as scavengers , but they also eat 
fruit, seedlings, and mushrooms, which they seriously damage, 
especially the soft fruits, as peaches, nectarines, and melons 
Greenhouse and hothouse plants suffer severely from their 
ravages, as also do strawberry plants, the wood-lice eating away 
at the roots and around the crowns They conceal themselves 
in damp dark places, under atones and suchlike, and in crevices 
in walls Rotten woodwork is very often filled with them 
The eggs, which are numerous, are carried m a pouch m the 
thorax, the young wood-lice remaiiimg close to the parent for 
some tima This grey species cannot roll itself up, as we find 
is commonly done by many of the other species, whilst it can 
also be told by the antenna being eightgointed (fig 44, n), 
instead of seven as in Porcelho and Armadtlhdium (e) ArmOr 
dillidtum mlqans (a) is larger, smoother, and of a uniform 
slaty-blue, and always rolls up into a ball at the least stimulus 
(o). Porcelho scaher (b), with the seven-jointed antennae, is 
brown and much varied m colour, and with a rough shell and 
two longish anal spines. There are many species m this genus, 
but the above are the commonest. All the Wood-lice can be 
easily trapped by placmg pieces of potato or scooped-out apples 
about Pots filled with moss and horse-dung mvanably attract 
large numbers, when they can be seen in the day-time and 
killed The only poisons I can find to kill them are mercury 
bicyanide and Voss's phospho-nicotyL 


Crawfish 07 * Land Ordbs as Crop Dcstivyers, 

In some restricted localities in the south of the United 
States a crawfish or crayfish does considerable damage. In 
the Houston clay lands of Mississippi and Alabama certain 
areas ore so infested by these Crustacea that it is almost im- 
possible to raise any crop with profit. The soil they mfeat is 
very wet, even in dry seasons several feet of water remam m 
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the tunnels Tliey attnck cotton and corn, and do most damage 
to the young plants Large fields of cotton have been eaten in 
a single night. They tear away the tender cotyledons and carry 
them to their burrows,' and also tear off the leaves. In badly 
infested land from 8000 to 12,000 holes may be found to the 
acre The females produce fi*om 50 to 400 eggs, according to 
age. The ova develop in a month, and the young remain with 
the parent for one or two weeks They are sohtary in habits 
A few drops of carbon bisulphide put m each hole was found 
to kill them in a few hours. 

Chloride of lime at the rate of one ounce (of the strength 
of one pound to three gallons of water) put in each hole also 
kills them. They should also be killed by mechanical means. 
Ground and mixed with meal they form an excellent egg-pro- 
ducmg food for chickens {Vide Year-book of the Depaitment 
of Agriculture, USA., 1911, pp 321-324. A. K Fisher.) 

Myeiapoda. 

The myriapods are divided into two groups — namely, Centi- 
pedes or Ohilopoda and Millepedes or ChtlogtiatliCL The former 
have the mouth provided with foot-jaws, and have one pair 
of jointed feet on each segment. The latter have imperforate 
mandibles, adapted for ordinary biting and chewing. The first 
three segments have one pair of feet on each, the remainder two 
pairs. The feet will be seen to be terminated in a single claw. 
Eyes may or may not be present : when present they are in the 
fonn of clusters of ocelh. The jaws of the Millepedes are like 
those of the cockroach, but m the Centipedes the jaws are 
formed out of the forelegs, each with a hollow tube perforating 
the jaw, which is connected with a poison-gland on each side at 
the base. 

The Centipedes are carnivorous m habit, and thus friends to the 
agriculturist, whilst some of the Millepedes are vegetable feeders 
and are noxious. The latter are often called False- wire worm. 
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Young Myrmpoda are composed of a few segments only, 
and with, six legs on the anterior segments, they grow by 
the addition of new segments postenorly, and cast their skin a 
number of times until they become sexually mature. The chief 
families m the Chilognatha are the GlomendcBf Blan^vhdm^ 
Folydesmidm^ and IvXidcB or ‘‘snake millepedes” Glomens 
resembles m appearance and habits the wood-louse The most 
destructive are those of the genera Blanjidm, and Poly- 

desrrm, Blaiijulm jpulckdlus (fig. 46, a) is one of the most 
harmful species, and is extremely common It is nearly half 
an inch m length, slender, about the thickness of a fau-sized 
pm , it 13 pale pinkish-yellow in colour, with a double row of 

bright cnmson or purple spots 
on it. It IS found m roots, 
and especially amongst the 
scales of lilies, which it causes 
to decay, as well as in most 
other plants The young have 
only a few segments and three 
pairs of legs, which appear on 
the second, third, and fifth seg- 
ments. After repeated moult- 
ing they reach maturity, when they are composed of about fifty 
segments. Like lulidse they live upon decaying vegetation 
and sound plant tissue, and are also said to feed on slugs, 
snails, worms, and insects. This latter, however, I cannot 
verify by experience. Two other species are common — namely, 
the large black lulus temBiria (Lion.), with a pomted tail, and 
the very similar Iidus Lortdvnenm (fig. 46, b), which has a 
round tail Both feed upon the rootage of various plants. 

lulus breed in May, June, and July. The female forms a 
nest in the earth for her eggs, usually some distance below the 
surface the nest is a hollow sphere, smooth inside, rough out- 
side, and a small opening is left at the top The size vanes 
from that of a filbeit to coh-nut. The eggs, to the number of 
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about a hundred, are laid through the hole; they are email 
and covered with a gummy fluid Then the hole is closed up, 
and m twelve days the ova hatch 
The genua Polydesmus forms a link between the two groups 
of Myriapods The species are flat and compressed, instead of 
being rounded as in lulus The nest is the same and the young 
develop as in lulus, but the legs are on the second, fourth, and 
fifth segments in the yoimg specimens. Polydesmus com;planatii8 
(fig 46, 2), a pale purplish-white or rosy-tinted species, nearly 
an inch in length when mature, has similar habits to lulus, 




Pig 46 — MiLTiPKDaa (1, fwZoAriZiu, comjSanahu). 

Cbmtipbce (8, OeopZbiZva 8njd)terra'iieu8), All slightly enlarged. 


feeding especially upon onions, and often causing their decay. 
I have received notice of much damage caused by them in 
gi’eenhouses. 

The Ohilopoda or Centipedes (fig 46, 3) are all beneficial. 
They are represented by four families in England (Lithohndm, 
ScolopendridcB, NotophilidoB, and OeophilidcB), all being more 
or less abundant. One of the commonest British species is Oeo- 
pJiiltis longicornis of Leach, which is a long, yellowish, thread- 
like creature, often two inches m length It moves rapidly, 
with a curious, sinuous, snake-hko movement. The male spins 
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a ^eb and deposits in the middle a single spermatopbore, and 
the female comes to the web to be fertilised. The eggs are laid 
m a little cell in the earth, and are looked after by the female, 
who IS said never to leave them for the two weeks they are 
incubating, coiling herself round them m the cell This species 
may often be turned up m the earth whilst digging in a 
garden, when by its great activity it soon will bury itself again. 
Their food is composed of other ground-insects, snails, slugs, 
and small worms. Some species are luminous. 

Liiholnus breeds later than lulus, going on until August. 
The female rolls the viscid eggs on the soil and so coats 
them with earth The male, if he sees the ova, at once devours 
them. 


Araohnoidba {Sjpidm^ Scoi'jpiom. and Mites), 

The three chief groups of the Araolmoidea are the Spiders, 
Scorpions, and Mites. The first and lost only are of any agri- 
cultural importanca Another small division known as the 
Pentastormdce must also claim a few passing words, as they 
sometimes cause ill effects and loss in farm stock, living as 
parasites in the emus of the bones and air-sacs of animals and 
birds. The distinguishing feature of the Arachnoidea is the 
presence of four pairs of legs, which are nearly always found m 
the adult. There is no true metamorphosis ; but growth takes 
place by a series of ecdyses, the young resemblmg the adult in 
general form The ova develop rapidly. The three divisions 
are characterised as follows : — 

L Aran&ida or Spiders (fig. 47, a) have the head and thorax 
united into one piece, the cepholothorox (c), the abdomen (a) being 
distinct Eyes are represented by clusters of ocelli (fig. 47, b, /). 

ii. BcmyionidcB have the anterior palpi elongated like legs, 
and provided with nippers like the claws of a crab The ab- 
domen may have ttie last six segments elongated and formed 
into a spurious tail 
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iii Acarina or Mitea (fig 49) are characterised by having the 
head, thorax, and abdomen all fused into one piece, uud the legs 
either eight or four m number. 



Pro 47 —Hods® SpiDEru 

A, Male of Hoiwe Spider (Tegenaria civUia) enlarged a, ceplmlofclmmx , p maxillary 
palpi , fl, abdomen n, front of bead /, ocelli , inandlblLU a, iiiidcir hIiIb ofliwul 
m, true Jaws, I, lower Up p, dlagiam of ouo of the air chombora (AfLtn JJIack^vall. 
from Nicholson ) 


Araneida or Spiders, 

The Spiders may be considered of economic importance, as 
they are all more or less of a beneficial nature The food of 
spiders consists almost entirely of insects, and thus they do a 
considerable amount of good in ]cee 2 iing down nn access of insect 
life which may be noxious to us. Sonio spiders hunt for their 
prey ; others, and tkose perhaps beat known to us, have the habit 
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of spinning webs, in which their prey is trapped. Spiders have 
either two, six, or eight eyes or ocelli (fig 47, b, /), which vary 
in position and size, and which supply important characters of 
systematic value. The jaws with which the spider seizes its 
prey are inserted immediately under the antenor margin of the 
cephalothorax, and have, as a rule, on the extremity of their 
inner surface a groove, with sharp teeth at the sides, into which 
fits the fang when in a state of repose (b, n, and o, m). The 
fang or last joint of the so-called “ falsis ” is perforated by a 
minute hole at the tip, through which a colourless poisonous 
hquid exudes, secreted by the poison-glands within. 

Perhaps the most important structural feature to notice m 
the spider is the presence of the so-called “ spinnerets.” These 
structures are placed at the end of the body, and consist of two, 
three, or four pairs of appendages. The spinnerets vary in 
form: some are cylindrical, others round, and some comcal 
The tip and under-side of these structures are perforated with 
minute holes. Through these minute apertures the hquid sub- 
stance that will harden and form the silk of the web is passed 
Thus it will be seen that numbers of minute threads of this 
glue-hke hquid are passed out, and these unite into one firm yet 
elastic line of extreme fineness, but nevertheless of suflficieiit 
strength to hear a heavy-bodied spider. This line is also covered 
with little drops of a clear hquid (fig 48, o), so that the spider^s 
web consists of two substances — one forming the sohd elastic 
thread, the other forming the httle globules. There is a popular 
idea that the spider can withdraw its web into its body agam • 
this IS not correct. When once hardened, the web always 
remains so. In the spider’s web, the viscid globular glue on the 
web 18 distributed only over certain areas . passages are left, so 
that the spider can walk along the web without commg m 
contact with the sticky substance This substance is for catch- 
ing and retaining the insects that fly mto the web. In some 
spiders this webbing is formed for taking aerial flights The so- 
called “gossamer” web is formed by strands of fine silk blowing 
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about and adhenng together, thus forming the white flaky 
masses Some spiders may he found on these threads as they 
are being wafted about — the spider having, as it were, taken 
advantage of this mode of transit. 

There are two chief divisions of spiders — the first having four 
spinnerets and four air-sacs, the second two air-sacs and six 
spinnerets. The former are known as MygdLidce^ or crab-spiders, 
such as the large Tarantula, or Eird-spiders, of the tropics One 
large species is found in Britain — ^namely, AtyjpuLs Svlzeri. This 
carnivorous araneid excavates a subterranean gallery in damp 
places, in which the female, amongst the lining of white silk the 



C 

Pia 48 — OftB wRAvnrcj Spidhe, Bto 
S/pevra diademiia, b, Braama SlaokwaUH, o, thread otEpeiTu wab. 

tube 18 padded with, deposits her eggs, in a cocoon of pale silk 
attached to its end. A portion of this tube generally hangs 
outside the subterranean part, so as to protect it. Trap-door 
spiders belong here. The second division includes all the other 
spiders, those with which we are best acquainted, sneh as the 
Epeindee, or Orb-weavers, &c. (tig. 48, a) The I>romid(B (b) 
may often be noticed, — narrow-bodied spiders which live in 
tubular silken cells, open at each end. These cocoon -hke 
masses we find under the bark of trees, and amongst moss 
and leaves from these shelters the spider darts out to hunt 
itfl T)rey For an account of these and other spiders the reader 
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18 referred to Murray’s excellent ‘Economic Entomology,’ which 
deals with spiders, mites, amd other Arachnoidea. 

Acajtna or Mites 

The mites are of great importance, as many of them arc pav.j- 
sitic, not only upon animals and man, but upon plants Tlie 
Acanna are mainly very minute animals, many being no more 
than outh of an inch m length , and yet it is these iiiinuto 
forms that cause the moat aenous pathologic disturbances in 
animals (Scab, Mange, Itch, &g,) and the moat serious plant 
diseases (Big Bud, Eed Spider, &c.). In all mitos, and the 
similarly grouped ticks, the head, thorax, and abdomoii are 
united more or less into one solid body The luternnl 2>arasitie 
forms are generally white or pale-creamy colour They are pro- 
vided with a bitmg and pieicing mouth. Amongst the inorr* 
important diseases produced by them are sheep-scab, mango, and 
itch They also affect poultry, causing feather eating, scaly-h'g, 
and in plants various “galled” appearances only too common 
on some of our fruiUrees. Some are predacious, and so bene- 
ficial There are also species that hve m the water TJiowf 
latter we need not refer to again. Moat niites, like 8 j)idcrB, 
have four pairs of legs when mature, the young having only 
three pairs The more or leas fused head, thorax, and abdomen 
soon separate them from the spiders The so-called red-spuler f)f 
the hop, Tetranychus mdvoB, and the red-spidcrs of fruit, tlm 
Brijobm ribis, &c., can thus be readily seen to be acan and not 
araneida. iJ^eorly all acari produce ova . some few are, however, 
parthenogenetic, and produce hving young The following are 

the groups of some importance to the fanner, iEruit grower, and 
gardener . — 

(i) TrombuItd(B, the so-called Spinning Mites or Eed-spubrs 
These ^ found^ on the leaves of pltmta and constitute the 
group Teimnychi (fig, 51 ), which can be told by their small 
size and usuaUy semi-transpa^ bodies, sometimes however 
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tinged "witli red Closely related to these are the Harvest 
Buga (fig 49), whieh are generally of a brilliant colour, and 
may be found under stones, earth, 

&c., and sometimes, in some of their 
stages, as very noxious human and 
animal parasites 

(ii) The BdellidoB or Snouted Mites 
can be told by the long snout and 
brilliant colouring of the body Some 
are parasites on insects 

(ill) The OamasidoB (fig 62), some 
of which are also parasitic on animals 
and birds, have usually some modi- 
fication of the second pair of legs to 
distinguish them. 

(iv) The IxodidcB (fig 54) or Ticks can always be told by 
their leathery skin and by having a aliiold on the back behind 
the head. 

(v) The Orihatidm have a hard, chitinous, more or less 
shiny skin, and are known as Beetle Mites. These are often 
very beneficial (fig 69) 

(vi) The Acandm, colourless and nenvly transparent 

(vu) The SarcoptidcB (fig. 66) are tho parasitic forms that 
produce scab, scaly leg, &c , and have a more or less transverse 
wrinkled skin and long suckers on some of the feet 

(viii) The M^oxihyidce (fig 60) or Gall Mites, living in plants, 
are all minute and transveiaely wrinkled. They have only four 
legs, the two hind pairs being reduced to simple bristles. Tho 
mites live in the buds and leaves of plants, and produce galls 
and blisters. They were formerly called Phyk^hdm. 

Bamily TiombldldsB. — The Bed-spider of the hop, Tett'any- 
chics malvoB, may be taken to exemphfy this family They are 
extremely variable in colour, some being green, others rusty-red, 
others almost white and transparent , often dark specks are seen 
upon them, and m not a few instances brown individuals may 
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be met witb. This vaned coloration is duo to "botli age and 
food Tbepe mites are so minute that they can scarcely be seen 
on the leaves without a lens This and some others of the 
genus (T telanus) spin webs of fine silk on the under-sides of 
the leaves. The legs, which are provided ^vlth bristles, take a 
prominent part in the weaving of this web, guiding the micro- 



Kia fio — Habvest Burt iheph s autumnaliB), tlie larm of T Tmlos&riomn (raag^iined 
100 dlamatiis). Bailllet. (ifrum Neumaim.) 

acopic Silken thread as it issues from the conical papilla near the 
anus of the mite. In and under this webbmg the mites live 
and breed. The females lay their rather large globular eggs in 
this web Sometimes the ova are colourless, at others they have 
a golden hue. Incubation takes place in from six to eight days, 
the young or larval mite being colourless, and has only six legs 
After repeated ecdyses, the normal number of legs is attained 
All these stages may be found m a single web at one time. The 
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females hibernate during the winter months, seetmg shelter m 
such places as the cracks in hop-poles, under dead leaves, in 
sod, m all crevices and shelters where they are protected from 
frost and snow These, and all mites, flourish best m hot and 
dry weather They damage the plant m a twofold manner, — 
first by sucking out the sap, and secondly by blocking up the 
stomata of the plant by their webbing and excreta. The 
mouth consists of a pair of biting jaws and a sucking-tube be- 



Fia. 61 — Rud Spiseb (Teiranydiiu maltce). 

A, EggB on loaf, b, larva , o, foot of ni to, d, a li it. 


tween The tissue is first bitten, and then the sucking-tube is 
thrust into the hole and the sap extracted ,No mites, we must 
rerhember, have any external breathing-pores, but respire by 
the whole body-surface. All washes used for destroying them 
should contain sulphur or paraffin, as they are the most powerful 
acancidea Liver of sulphur is found to he the best form of 
sulphur to use for these pests. The Eed Spider of the vine 
(T. felcii m) works in a similar way. It is best kept down by 
repeated sprayings of cold water. 

The genus Bryobia, which belongs to the Trombididie, has 
several species destructive to fruit-trees. These fruit pests can 
be told from Tetranycliua by having the first pair of legs long, 
whereas in Teiranychus they are all the same length. They 
spin no webbing. Mature Bryobia are about of an inch 
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long They hibernate as adults and eggs, but egg-laying 
usually takes place in March and April They produce a 
marked, marbled, and rusty appearance on the foliage They 
are beat destroyed by winter spraymg with oaustio soda wash 
and spring spraying with paraffin jelly. Several others occur 
in a similar way attacking fruit and flowers. In this family is 
also placed the Harvest Bug {Leptm autumnahs), figs 49 and 50 
This larval mite is the young stage of Tromhidiwm holoseritemi 
(fig. 49). T. holosmcmm is a scarlet mite with a squarish 
body covered with hairs and papillse, about the twelfth of an 
inch m length. This mite, which is found crawling about 
upon the ground, deposits eggs in July These ova hatch 
into mmute, six-legged, orange-coloured larva, the so-called 
Harvest Bug, which lives as a parasite in the skin of man 
and many animals, and produces violent itching. When full 
grown the Harvest Bug is only *4 mm long. Many species 
occui’ in different parts of the world. 

Bamily Gamasidje — In this family the mandibles are pro- 
vided with very small nippers. They are found on the ground 
and os partial parasites The legs are 
seven -jointed, the second pair being 
often larger than the rest. There arc 
two claws to the tarsi The colour is gen- 
erally light brown, or white; some ’are 
reddish, owing to tlie blood drawn from 
their host The most important species 
IS the Eed Hen Mite (pmnanyssiLs 
amum\ which infests fowls and almost 
all birds (fig 52). This mite, described 
by Eedi, may be found in all unclean 
hen-roosts and pigeon-houses, and often in cleanly-kept ones. 
It 18 provided with a sharp piercing mouth It is a small mite, 
flattened, with bristly abdomen and stoiitisli hairy legs In 
colour this gamasid vanes from pale yellow to dark red. The 
larvae, which hatch rapidly from the eggs, are white and six- 
legged. Like many partial parasites, the ben mite is nocturnal. 
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hiding away in crevices of tlie walls, &c , during the daytime 
Sometimes they even attack the nasal cavities of the birds, and 
also other annuals to which they may become transmitted ^ In- 
fested houses should be well cleaned down and all crevices 
washed with parafifin oiL 

Family Izodidae. — The members of this family are popularly 
called Ticks Ixodidse are large Acan with a tough leathery skin, 
the front of the body co'n ered with a hard protecting shield All 
the ticks are blood-suckers, living some part of their hfe upon 


A. 



Fia 63 — Head of a Tick 

A, Hypostome , b, cheUcorm , c, palpna , d, front leg allowing Haller’s organ 


other animals, especially warm-blooded vertebrates and birds, but 
also upon lieptiles and Amphibia. At or near the front end is a 
fonmdable beak or capitulum (fig 63), composed of chelicerffi, 
and (b) a sharp piercing rostrum or hypostome with recurved 
barbs at the tip (a) When a tick is fixed on on animal it is im- 
possible to pull it off the body comes away from the head, which 
IS held firmly fixed by the barbs in the host's skin On the 
ventral surface are four pairs of legs in the adult, each leg consist- 
ing of SIX segments, the tarsus ending in a pair of claws, caiTied 
^ The Parasitic Diseases of Poultry, p 62 F. Y. Theobald 1897 
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on a slender stalk, and m some with a membranous pnlvillus 
between On the anterior tarsi (fig, 54, /) is a narrow pit lined 
with sensory hairs (Haller's organ), probably olfactory (/) The 
sexual opening (j) m both sexes is on the ventral surface not far 
from the capitulum ; the anus (A) la farther hack Ticks have 
spiracles (A), which he behind and above the bases of the third 
or fourth pair of legs The male tick is smaller than the female, 
and its body does not swell much. The hind part of the female’s 



Pio 54.— Bxtkrital parts of a Tick. (After WhreJer) 


body is capable of very considerable distension, although tough, 
licks are found amongst grass, shrubs, and especially on sandy 
soil When young they are quite small creatures, but very 
active They are then six-legged, and are knovm as Seed or 
Grass Ticks. They crawl about over the grass and vegetation, 
and eventually get fixed on to some passing mammal or bird, 
from which they instantly commence to suck blood. During 
this temporary parasitism the body swells, owing to the quantity 
of blood taken in When the larval tick has completed its 
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meal it falls from the host to the ground again, and may remain 
for some time without any food It moults or casts its skin 
whilst on the ground, and becomes a nymph with eight legs, 
but is not sexually matura This nymph then gets on to 
another host and feeds, then it falls to the ground agam and 
moults for a second time. The adult stage is then leached, and 
the adult males and females wait until they can again crawl on 
to another host The female then becomes much swollen out, 
being gorged with blood, so much so that the head and legs can 
scarcely he seen from above. The male 
only swells to a small extent When the 
female is fully gorged and fertilised she 
falls to the ground and lays her eggs m 
long masses (fig 65). The act of copula- 
tion 18 peculiar, the male inserting the 
proboscis into the vulva of the female 
and so injects the spermatophores 

Some Ticks require three hosts to com- 
plete their development {Rliipiceplialiis 
appendiculatus ) , others, however, only 
require one host {R deeoloratu8\ the larva 
and nymph not falling to the ground but 
moulting on the host 

Others require two hosts (R evei*tsi\ 
which remams on the host for the first 
two stages. 

Ticks may live a long time even without food The 
writer has kept one, Omitliodorus o)iouhata^ for over a yeeir. 
Normally the true Ixodidss are not long-hved, but under ab- 
normal conditions they may be Wheeler kept Ixodis riciniis 
alive for two years, and a female which had no head and could 
not have taken any food. The importance o£ Ixodidse is not 
only on account of their blood-sucking habits, which cause 
severe irritation to animals and birds and man, hut especially 
because of the part they play in the spread of such diseases as 
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Eedwater or Texas fever and East Coast fever in cattle, of 
malignant jaundice in dogs, of heart water in sheep, and human 
tick fever, &c 

The Ixodidee are divided into two aub-familiea ■ — 

(i) Ixodince^ which have the rostrum termmal in all stages 

(ii) ArganhruB, in which it is inferior m the adult and 

sub-terminal in the larva and nymph. 

The IxodtncB are the so-called Hard Ticks, the dorsum of the 
body bemg protected by a shield or scutum, and the posterior 
part of the body may be cut into festoons, especially m the 
males. The scutum is small in the females, large in the males 
They are all fixed parasites, and when the female has laid her 
one hatch of eggs she dies. It is these IxodvruB which carry 
the animal diseases such as redwater, earned by Rhvpocephdlus 
{Booplnlvs) annulattis, and which attacks only one host In 
this case the larvsa, coming from ova laid by the tick that has 
fed on a beast with redwater, is pathogenic, and so gives the 
disease to its host earned on from the parent. But m the case 
of the earner of the piroplasmea of mahgnant jaundice — a tick 
called HcBmaphyscdhs — the parasites are not ready for the dog 
until the ticks have become mature — that is, larvee and nymph te 
coming from the ova of a female that has fed on a jaundiced 
dog cannot give the disease, hut the adult can. 

The ArgantiTKB are the Soft Ticks, and these have no dorsal 
shield, and the head is not visible from above, but lies in a 
shallow groove (cainm'ostone). The adults do not attach them- 
selves permanently to their host, but only go to feed, and then 
crawl away. They attack birds and mammals and man. Instead 
of dying when eggs ore laid, os the female Ixodme does, they live 
and grow for years, and the female produces many batches of egga 

One well-known species is the Eowl Tick {Avgas p&r&icus), 
which spreads the fatal disease “spinllosis.” Another, once 
found in Canterbury Cathedral, A. reflexus^ especially attacks 
pigeons, its, bite often proving fatal. Here also comes Omitlio 
dorm moubaia^ the earner of African tick or relapsing feven 
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These ticks hide away m crevices, in huildingB, in sand, &c , 
and come out to feed when necessary. 

Ticks may he destroyed on sheep by dipping, and also, as is 
now done m Africa^ by spraying the cattle driven through 
narrow runs Burning of the grass on tick-infestcd land also 
does some good. 

The following are pathogenic species — 

Oraitlwdorvs mouhcda — On man, birds, &c. (human tick 
fever, &c ). 

Amhlyorrmia hebrcBum — On sheep and goats (heartwater). 
Hcsmajplisyllis leadhii — On dogs (malignant jaundice) 
Whipoce^Jidlvs decoloratua — Cattle, &o. (redwater in 
Africa). 

WnpocephaluB australis — Cattle (redwater in Austraha). 
Rhipocephalue annulatvs — Cattle (redwater m America). 
BMpoe^halus simus and Bhtpocephaikis appendicvlatm — 
On cattle, &c. (East Coast fever in Africa) 

Ixodes ndnus — On cattle, &c. (redwater in Europe). 

Eamily Sarcoptidae — These minute mites hve as parasites in 
and upon animals and man. The body is round or oval^ in 
front is a conical rostrum. The sexes are told by the differ- 
ences in the legs and general shape of the body and by the size, 
the male being always much smaller than the female They 
occasion diseases that are spoken of as Scabies or Psoric diseases. 
The Sarcoptidae are the smallest of all mites, varying from •! mm. 
to 1 mm (7^ inch) m length No eyes are present, and respira- 
tion 18 cutaneous. The Psorio Sarcoptidse attack the epidermis 
of animals, and the punctures they produce, with the addition 
of a poisonous sahva, give nse to thick crusts over their point of 
attack. The Sarcoptidm are oviparous and ovoviviparous. The 
eggs are slightly ovoid, and the contamed embryo is easily seen 
m an ovum m an advanced staga The eggs incubate in a few 
days. In some cases the author has observed the ova to hatch 
m two days in the species producing Sheep Scab , more usually 
seven to ten days is the period. 
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The metamcrpLosis i8 as follows — 

The Larvdl or first stage is a small acarus with only three pairs 
of legs and no genital orgaos, and with two long anal bnstlee 
The larva moults two or three times Then follows the second 
or Nymph stage The Nymph has a fourth pair of legs, which 
are, however, small. As yet no sexual organs are to be found. 
We observe two sizes of nymphs ; the small ones will be males, 
the large females. Castmg their skm, both males and females 
axe produced, and then copulation takes place. They are then 
known as pubescent males and females. The male soon dies , 
but the female undergoes another moult, and becomes the 
omgerovA female^ with a suh-thoracic vulva, and then deposits 
about fifteen large ova. Gerlach states that one female*, having 
given rise to six generations, is accountable for 1,500,000 
mdividuala in about ninety days 

The 8ai copies have a rounded body. The posterior legs are 
very small, and nearly or quite concealed beneath the body 
The ambulacral sucker is m the form of a simple long pedicle. 
The females deposit their eggs at the bottom of the furrows they 
excavate in the sub-epidermic tunnels. Psoroptes have a more 
oval body, all the legs are visible, and the ambulatory suckers 
are borne on large threfr-jointed pedicles The psoroptes do not 
make sub-epidermic galleries, but live m societies amongst the 
crusts they cause on the skin Symbiotes are oval, and have all 
the legs visible outside the body margm, witli the claws borne 
on a broad, short, and simple pedicle. These live like psoroptes 
m colonies under the scahs^ and cause more localised patches 
than the others. 

Each domestic animal has a variety common to it ; hut it is 
said that the itch of man can be taken by the dog and other 
ammala, a pomt which cannot be accepted as proven. The 
sarcoptic mange of the home, however, can be easily transmitted 
to the ox Eegardmg the transmission from one animal to 
another and man, there is much diversity of opinion. 
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^)heejp-8cah 

The Scab or Scab of sheep is of three types, produced by 
three genera of Sarcoptidm The commonest form of scab is 
that produced by Psoroptea commvms v, ow. It is sometimes 
called Demodectic Scabies. The acarus (fig 56) can just be 
seen with the naked eye, and may readily be found under 
one of the scabs m all stages The female Psoropt of the 
sheep has a large round 
body with four pairs of 
short legs, the third and 
fourth pairs being of nearly 
equal size ; but the third is 
devoid of the curious sucker 
on the feet. The male has 
the fourth pair of legs very 
short, the third pair bemg 
long, and armed with the 
sucker. The ova laid by 
the female are comparatively 
large ovoid bcTdies, which 
are deposited at the edges 
of the scab I have kept 
the ova for two months, at 
a temperature of 30° Fahr , 
without their incubatmg ; 
but when the temperature 
was raised to 67° Pahr they soon hatched out In the summer 
five to eight days is, however, the period of the egg-stage. The 
larva is much narrower than the adult, and has only six legs, 
the fourth pair not being developed until later in life. In 
fourteen days the larva casts its skm for the first time, and then 
ten days later another moult takes place. By the thirty-eighth 
to the fortieth day of its existence a third moult brings it 

I 
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nearly to matniity. When about two months old the acarus 
commences to lay. Some authorities say they mature much 
sooner. The larvae become eight-legged when the nyrwph stage 
IS ajssumed. They remain attached to the leg-bnatles of the 
ovigerous female for some httle tune after birth. The adult 
mites live for three or four weeks. Psoroptes may be found 
amongst the wool and under the scabs, but never tunnel in the 
true shin. One can watch a young mite burrow mto the outer 
skin or cutis : in about ten days a small nodule will arise over 
the point of entry, from this vesicle a yellowish exudate 
appears, which hardens over the skin, forms a scab, beneath 
which the mites breed, bemg especially prevalent at the edges 
of the psora. The scabs usually commence to be noticeable 
about the sixteenth day after entry This psoroptic mite, the 
true scab acarus, is found chiefly affectmg the woolly regions of 
the sheep; it is seldom found on the head or legs, or on the 
abdomen beneath or breast region. The disease seems to die 
out spontaneously, especially after dipping and shearing. The 
acari often become detached on the wool the sheep rub off, when 
trying to relieve the pruntus set up by them. Other sheep 
rubbmg against the wattles, pens, hedges, &c., where tins 
diseased wool is, will soon contract the malady, and so the 
disease is spread from one flock to another. 

The Sarcopt known as B, scdbtei v. ovis produces the head- 
scab This mite attacks those regions devoid of wool, or at 
least where it is scanty. It is particularly plentiful around the 
eyes, ears, nostrils, and bps Touatt speaks of it as “black 
muzzle ” It may spread to the belly and legs, especially the 
hocks and pasterns. The mite is round and white, with 
numerous spines of two sizes on the dorsal surface, and witli 
two pairs of anal bristles Legs short ; the two first pairs have 
the curious suckers before referred to in the male, the fourth 
pair also having them; the third pair in the male, and third 
and fourth m the fern ole, are armed with a long spina 
This head-scab is very like the itch-mite in man — m fact 
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this form may possibly 
be transmitted to man 
and other animals. The 
female Sarcopt lays her 
eggs in tunnels in the skin, 
not under the scab as in 
PsoToptes. Then small 
papules appear on the 
skin, which on being 
rubbed pass out a clear 
exudate, hardening and 
formmg a crust or scab 
of a dirty - grey colour. 
The skin becomes hard 
and deeply folded, and 
blood may be seen oozmg 
out m the cracks. 

The third form, Symr 
btotes communis v. ovis^ is 
not of common occurrence 
The Symbiotes hve m col- 
onies, but do not excavate 
any aub-epidermic gaUenes. 
They are oval, not rounded, 
and the legs are longer and 
more easily seen. The leg^ 
are chiefly attacked by thig 
form of mite, similar to the 
attack in the horse, pro- 
ducing red patches on the 
skin and very thin scabs. 
It is of little importance in 
Britain. 

Yaiietiea of Sarcoptes, 
Psoroptes, and Symbiotes 
are also found on the 
iiorae, pig, ox, goat, dog, 
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and cat, producing vanous forms of “mange.’* Sarcoptes (5. 
muians) also produce the “ scaly leg ” of fowls. 

Another form of Scabies is produced by some mites known 
as Deirndtcidm These acari live in the hair follicles and 
sebaceous glands, and produce the so-called red mange in dogs 
(fig. 67). The same species, D&modex> folltculorum, is found on 
man and varieties on other animals. In dogs (v. cards) this 
follicular mange appears as red patches around the eyes, and 
spreads over the body. It commences as red spots, which 
gradually become purulent. In the matter from these pustules 
will be found the mites (fig 68), and also m the hair folhcles. 



Fia 69 -^Bbstle Mite (Oribata orbimilaria). 


A, Adult; B, Immature fbrm following the slz-legged laml stage; o, pseudo stlg 
matlo organ ; At, ungues (claws) of adult , b1, ungues of b. 

Family Orlbatidse or Beetle Mites are so called on account 
of their hard covering of integument. Many of them are shiny 
objects which cluster together upon the trunks of tre^s, especially 
fruit-trees. They have a pair of very cunous processes situated 
on the progaater, these two bodies are called pseudo-stigmata 
(o, fig 69) One of the most abundant forms is Oribata 
orbicularis (fig. 69), which varies in colour from deep shiny 
black to bnckdust-red. This mite may be found in large 
clusters on the bark of plum, damson, and other trees, where 
it feeds off the spores of hchens, fungi, and the ova of other 
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mites. The adult has tridactyle (ai) claws; the larva and 
nymph unidactyle claws (bi) The larva, like most mites, is at 
first Bix-legged, but assumes four pairs before the sexual adult 
stage. Mias Ormerod mentions another very abundant species 
in her Eeport for 1897 — ^namely, (hihata lajpidanay which has 
a similar life-history. These mites must not be confused with 
the mites that are parasitic upon beetles and the BddlidoB or 
Snout Mites that we find on other insects. 

Family Eriophyidse ^ or Gall Mites are nunute mites which 
live in the buds (Mnoiphyes nhis^ aveUancB, and tasd) and in the 
leaves of plants {E, pyri). The former produce large swollen 
buds which never produce fruit; the latter gall-like patches 
on the leaves. Only two pairs of legs are noticeable in these 
nunute acari, but the two posterior pairs may possibly be 
represented by four bristles The skin of the Enophyides is 
always more or less wrinkled or striated, and may or may not 
have a few scattered hairs These acari stop the growth of the 
plant by destroying the buds, sometimes, as in the Currant Gall 
Mite (J?. eventually killing the bush ; at others, as seen 

in the Tew Mite (E, toxi)^ they produce stunted and deformed 
trees. 

The Currant Gall Mite {E. ribi^ (fig. 60) is especially preva- 
lent on the Black Currant, where its presence may be detected 
in spring by the large swollen green buds which do not generally 
burst into leaf or blossom m winter these large buds may still 
be seen, and many are brown in colour and dead. Cn examin- 
mg the live buds in the wmter we find all the acan safely 
housed : here they hve and breed. In the sprmg and summer 
they come out and move over the bushes, taking up their 
position in new buds, which they speedily deform. The ova 
are laid in the buds, and soon hatch into mites very^ similar to 
the adults. In form the Currant Gall Mite is elongated and 
duty-white in colour. This noxious peat has spread over Britan i 
to a very serious extent. Some varieties, such as Baldwins and 
^ Formerly called Phytoptidoi^ 
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Black Naples, are especially prone to it, others, as Boskoop 
Giant, seemed to resist it for a time, but are now badly 
attacked. Hand-picking will keep the disease in check, and 
when a plantation ceases to pay it should be grubbed and thickly 
replanted. Numerous sprayings and hme and sulphur dustings 
may check it, but the cost is far too great. Growing from 
cuttings is advised, the cuttings being soaked m water for 


■ ' ■ ' . ■I 



1 2 


Fio 60 — 1, Black Currant Mith (much, umgnlflcd) erecting itself upon its terminal 
Buokera (after H J Lewis) 2, Twio op Blaok OuRRasT in which an unlnjmod bud 
has opened Two lower bads are hindered by prosenoe of mites, whUe the lowest buds 
are swollen by them 

twenty-four hours beforehand. It also attacks red and white 
currants 

The Pear Leaf Blister Mite {E yyn) is found in winter 
sheltering under the bud scales. As the buds open the mites 
crawl out and enter the leaves through the stomata on the 
under sides. They then live and breed in the leaves, and 
produce pale or sometimes red (on young leaves) areas or galls. 
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which later turn black They even attack the young fruitlets 
and rum them. As the leaves harden off in autumn they crawl 
back to the buds. This Leaf G-all Mite is also found in Amenca 
and South Africa and Australia. It may be kept in check by 
winter spraymg with lime and sulphur, and spring spraying 
with paraffin jelly, 

LinguatuUdffl — There are two quaint genera of Araohmda 
classed m the above family — namely, Pentastoma and Linguor 



Pia 61 — LlXaUATOLTDiB 


A, OTODti B, Larva c, Papal stage a, anus, 6. mouth d, Liimatvla dmiiada- 
tum Ef L icBiiiodes (After Jtlallllet and Leuckart.) 

iitla These curious worm-hke Arthropods are parasitic, living 
in the head and air-spaces of animals . they are more or less 
elongated and vermiform m shape when adult, and havjs a 
distmct annulated body. The mouth in the imago has no jaws, 
but is surrounded by two pairs of hook-hke legs. Like Acarina 
they respire cutaneously. The one figured (fig 61, h), Lmguor 
tula fceniodes, is the commonest form, and may often be found 
m domestic animals At one time it was considered a tape- 
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worm, and unless carefully examined it certainly resembles some 
of those worms This acarus is dirty-white in colour, about 
three-fourths to one inch in length in the male, somewhat larger 
m the female. The female is often brown when full of ova. 
These arachnida live in the nasal cavities, especially in the dog, 
and there the female lays her eggs, which are sneezed out by 
the dog along with mucus The ova are eaten by sheep, oxen, 
rabbits, and other herbivora, when the embryos (b) are released 
in the intestines By means of the median rod and curved 
hooks this minute embryo bores through the intestines and gets 
to the liver, lungs, and mesentenc glands, where encystment 
takes place. It here soon becomes converted into a simple 
rolled-up pupa (o), with no legs, hooks, or bristles. By a 
repeated aeries of moults a second larval form is reached (n), 
and which is said to last for seven months, by which time it 
has grown to the length of one-third of an inch. In this stage 
it was taken to be a distmct species called L. dmUculatmi 
Numerous spiny rows are present on. the skin. They fall from 
the organs they are in, to the body cavity and pleural spaces, 
and the majority die. Some, however, encyst themselves in 
fresh parts of their host, and even enter the air-tubes, and are 
so passed out of the host , or they may possibly enter the nasal 
cavities of the herbivora they live in during their early hfe. 
More generally they reach maturity in the nasal cavities of the 
carnivora which happen to eat the flesh of infected herbivor- 
ous animals In this last host they become sexual adults (b), 
with a smooth rmged skin, and are venhiform m shape. The , 
males wander about the pharynx, larynx, and nasal cavities, 
and fertilise the stagnant females, which take up their abode 
between the turbinated bones and other nasal spaces. One 
female, accordmg to Leuckart, may produce 500,000 eggs. 
They sometimes occasion loss, but are not very prevalent in 
Britain. Dogs should not be given the fresh viscera of sheep, 
oxen, &c, and then there would be no chance of any such 
disease appearing m a senous form 
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CHAPTER VIJL 

HEXAPODA (insects). 

Tdb Insects proper, more correctly termed Hexapoda on ac- 
count of the number of then legs, have received a lareo 
share of attention economically. Certainly this is justifiable, 



for the damage they often occasion is very severe, not only 
to crops, but also to stock and jnan 
Insects are characterised by possessing three pairs of jointed 
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legs, attached to the thoracic region on its ventral surface. This 
feature will at once separate them from all other Arthropods. 
Respiration is tracheal, the opemngs or spiracles being slit>like 
apertures along the sides of the abdomen, in addition to two 
pairs on the thorax. The typical mouth of an insect is de- 
scribed in chapter vii. This' ;a a biting mouth, a type of 
oral structure we find in many injurious insects. Others are 
provided with a piercmg mouth, and live upon plant sap and 
animal blood, often causing serious loss to the farmer and stock- 
breeder, as well as spreading such human diseases as malaria, 



yellow fever, filanasis, and basilero. The third form of mouth, 
the sucking mouth, usually prevents those insects possessing 
it from domg any damage j but there are some moths whose 
proboscis IS so hardened that they damage fruit in South Africa. 
Those groups with this latter type of oral structure aid more 
or less in the fertilisation of plants. It will he chiefly, then, 
amongst the biting and piercing mouthed insects that the mjun- 
ous species will be found. But we must bear m mind that many 
suctorial mouthed insects have mandibulate larvae, which can 
do as much damage as the true mandibulate groups. Many 
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insects are distinctly beneficial by destroying other noxious 
insects (Chalcididaa, Coccinellidfle), and a few are of no incon- 
siderable commercial value (silkworms, cochineal, honey-bee, 
lac insects). 

Insects commence their life in most cases as eggs or ova 
produced by a female. Some have the power of bringing 
forth living young (viviparous), as we see takes place in the 
PJnnt Lice (Aphididse, &c) In msects the ovum gives rise 
to a larva this state is the period during which the insect 
grows Larvss of insects are known also as maggots, grubs, 
caterpillars, and false-caterpiUars. Qat&t^lar is a term applied 



to coloured, often hairy larvss, provided with six true legs and 
generally with four pairs of prolegs or sucker feet, m addition 
to the anal proleg (fig. 64, o) The number of these mid 
prolega is sometimes reduced to two or four (Geometrides and 
Plusiadffi), (a and n). These fleshy prolega enable the cater- 
pillars to hold on to the vegetation they are feeding upon. 
Fals&^ei'pUlara are the larv© of the Sawfliea {TenthredinidoB ) ; 
they have more than four pairs of central sucker feet — usually 
the legs number twenty-two in all (b) Maggots are legless, 
fleshy larvsB of the Diptera or Two-wmged Plies ; often dirty- 
white m colour, and tapermg to a point in front, blunt at the 
tail end. Some have a distmct head (Tipulid larvse), others 
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are headless (Onion Ply maggot), Ghruh is the term generally 
given to the larvse of some beetles (Weevils) and Hymenoptcra 
(such as Wasp grubs) In the larval stage the insect often 
feeds With great voracity. Several ecdyses take place, the skin 
splitting after stretching to a certain limit , the larva ceases to 
feed during this penod of moultmg Frequently after each 
moult, of which there are four or more, the larva presents a 
different coloration. The internal anatomy of the larva of 
insects that undergo a complete metamorphosis is different to 
that of the adult Fig. 67 shows the digestive tract of the 
larva of one of the Daddy Long-legs {l\jpula\ which will be 



Fia 66 — PuPiB OP iNSEora, 

A, pQf aria of Dlpteron , b, pupa of moth ; o, ohiysalla of bntterSy. 


seen to be of quite a different type to that given m fig 41. 
There are considerable differences in the digestive tract of 
msects. We shall observe much variation in the length of 
larval life when studying this group, some larvse live only a 
few days ; others, as the Wireworm, as much as three or four 
years. Eventually the “full-feed” state is reached, and the 
larva oeases to feed ; it is then ready to assume the next stage 
— namely, the pupa, chrysalis, or nymph. Prior to entering 
this condition the larva either enters the ground and forms a 
cell in the earth, or spins a silken cocoon, or attaches itself by 
silk to sonle object (fig 66, o), or finds some shelter m which 
to pupate. Typically the pupal stage is a period of rest, no 
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food being taken. The pupal skin shows the general outline 
of the insect — legs, antennse, wings, &c , being clearly defined 
(fig. 65, d) Chrysalis is the term generally used in Butterflies, 
which are pale-coloured and more or less angular (o). In Flies, 
and some Hymenoptera, the pupa is found in the old larval skin, 
which hardens and forma a brown case, called the puparium 
— the “flax-seed” stage of the Hessian Fly i). In sotne 
diptera the pupae are spiny (fig 66). During this pupal period 
the majority of the larval organs are broken 
down into a soft granular mass, which be- 
comes remodelled into the adult. This pro- 
cess is called Msfohjsis The pupal stage, 
again, is very variable in length, but not to 
such an extent as in the larva. There are 
often two or more broods, or generations, of 
insects during the year ; in some the summer 
pupal state only lasts a week or so, whilst 
the winter pupal state lasts some months. 
Insects pass the winter in all four stages, 
(Vapourer Moth), others as 
pupae (Hawk Moths), whilst some hibernate 
in the larval (Currant Moth) and adult (Tortoise-shell Butter- 
fly and Queen Wasps) conditions. 

Injuries are caused by insects both to plants and animala 
The damage is done in a variety of ways, such as by eating the 
leafage, by tunnelling into the stems and leafage, boring into 
fruit and seeds, and boring into the stems, even into the hardest 
wood. Both growing and stored gram and seed are attacked, 
also provisions, household goods, and furniture Animals are 
attacked by insects sucking their blood, and others have para- 
sitic habits, as exemplified by the Gad-flies and Warble-flies 
respectively. 

The senses of insects are of much interest to us, and well 
worthy of our study. Sir John Lubbock's work on the ‘ Senses 
of Insects/ which treats this subject most fully, shows that 
it is one of some importAnce economically, as well as of deep 
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interest. That insects have the sense of smell well developed 
we know for certain. "Whether the palpi or the anterniee, or 
both, are connected with this sense is not quite clear , most 
probably the antennse are chiefly functional in this respect. 
The sense of vision is acute, as any one knows who has tried 
to catch an insect settled on some flower, whilst we cannot 
doubt that taste is as surely present, when we consider the 
partiality certain insects have for certain foods 
To return once more to the changes through which an insect 
goes — the so-called w^iamorpliom. Insects which pass through 



Eia 67 — Alimentary Oanal of Labya paludosa ) 

a, Mouth, gullet, 0, provoritriculus , e, ca‘CA, d. atomaoh , /, hepatic tuho*; 
g, Hinall int^tlne , i and hj large Intestine , j, rectum , ^ anus , Z, anal gland. 


the stages enumerated on p 141, in which the larva is quite 
unlike the adult, and where there is a distuict quiescent pupa, 
in which the larva is transformed mto the imago, are said to 
undergo a complete metamorpliom. There are many insects 
which have no quiescent pupal state, and where the larva is 
very similar to the adult. The whole life-cycle from the egg 
onwards is one of activity, except when the insect is moulting. 
The pupal stage is simply distinguished by the small swollen 
wing-buds seen at the sides of the thorax. These insects are 
said to have on incomplete or gi'odual metamoiphosis 

Insects are classified partly by the structure of the mouth, 
portly by the structure of the wings, and also by their metn- 
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morphoflis. Those with bitmg mouth are called Mandihulaia; 
those with sucking and piercing mouths, HavMellatcL, Man- 
dibulata include the Beetles, Grasshoppers, Cockroaches, Ants, 
Bees, and Wasps. The Butterliiea and Moths, Flies, Bugs, 
and Plant Lice are Haustdlaia. This arrangement is not at 
aU satisfactory, as we get insects in each with a complete and 
incomplete metamorphosis. All insects may now bo grouped 
in nme orders, as follows ; — 

1. Cohoptera, or Beetles. 

2. Hyme/noptera^ or Ants, Bees, Wasps, SawJlies, &c, 

3. Lepidoptera^ or Butterflies and Moths. 

4. Dipteray or True Flies, 

6. Thyscmoptera^ or Thnps 

6. Semiptera^ or Bugs and Plant Lice. 

7. Orthoptera^ or Cockroaches and Grasshoppers. 

8. Nmropteray or Lace-wing and Caddis Flies 

9. Aptera, or Thysanura and CoUemhola ( = Spring-tails, &c } 
The first four orders undergo a complete, the nezt four an 

incomplete, metamorphosis. Tliese orJeis may be distinguished 
by the following characters : — 

ComipleU fMAcmorpluists : — 

Coleoptera — Two pairs of wings, first pair homy (%^ra). Mandibulate 
HyvienopUra — Two pairs of wings, all of similar texture, first with a 
dark stigma along the oosta. Mandibulate and hausteliate 
Lepidoptera — Two pairs of wings covered more or leas with scales. 
Hausteliate 

DipUra — One pair of wings only (the first pair). Hausteliate. 

Tnoomplete or gradual metamorphesia — 

Thyaaaoptera — Four narrow fringed wings. Weak auotonal mouth 
Hemxptera — ^Two pairs of wings, either (i) all transparent, or (n) the first 
pair half leathery at the base and transparent at tip {h&imdytra) 
Hausteliate. 

Ortkoptera — First pair of wings leathery, with many longitudinal veins , 
second pair fan-shaped. Mandibulate. 
jyeuroptera — ^Two pairs of lace-hke vmiga, Mandibulate. 

Scarody any metemorpkoais — 

Aptera — Ho wings at alL Mandibulate or slightly hausteliate. 
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The above classification is the one now generally adopted, 
and 18 followed in the excellent section on Insects by Dr Sharp 
in ‘ I’he Cambridge hTatural History.^ ^ 


COLEOFTEBA, 

OB Beetles. 

The Coleoptera or Beetles are characterised by possessing four 
wings. The front pair are homy, and are called elytra ; they 
close over and protect the second pair, which are folded up. 
The elytra meet in a straight line (suture) down the middle of 
the abdomen. The larvss of Coleopter$ are of two mam types 
— one typically represented by the wireworm (fig. 78), in which 
the first three segments have each a pair of jointed legs ; the 
other by the maggot-hke grubs of the weevils (fig. 72), which 
are footless, and usually more or less curved. The body is com- 
posed of thirteen segments, including the head. Many, such 
as the CiclrideLidoB, have peculiar organs for catching their prey. 
The pupee are always inactive The larves feed upon animal life 
(carmvorous) or vegetable life, and may even be parasitic, as m 
the ^injlopidcB found on bees * many also feed upon decaying 
matter, acting as scavengers {Necfropkagi or Burying Beetles). 
The pupas are sometimes enclosed m a cocoon, the ports of the 
insect being always distmctly recognisable 

In structure the beetles have the following peculiarities : The 
mouth consists of an upper hp or labrum, two mandibles, which 
are hard and horny, two maxiUse with palps, and a movable 
lower hp or labium, with two jointed labial palpi. The ontennie 
are very variable in form and the number of segments. The 
pro-, meso-, and metathorax are aU well developed ; but when 
the elytra are closed, only the prothorax is seen, and a small 
part of the meso thorax called the scutellum, which fits between 

^ Camb. Nat. Hist , vol v. (Penpatufi, lyiynapoda, and luBecta), p. 172. 
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the elytra at their base. The tarsus may have five, four, or 
three segments, but never more than five , the last one ends in 
two ungues or claws. 

The number of tarsal segments has been made a basis for 
classification, but such an arrangement is not natural This 
classification is as follows : — 

1. Fz&wdioivvmmu. — Tarsi composed of four segments, of 

which one is very mmute, giving the appearance of 
three-jomted tarsi {OocGirMidai), 

2. Pseudotei7'amera,^One segment of the five segments of 

the tarsi very mmute and concealed, givmg the appear- 
ance of having four segments {ChrciUtomdce and 
Ohryso'tndidcB), 

3. Heteromercu — Tarsi of the two anterior pairs of legs 

with five segments, of the posterior four {Ga/rdliaridm 
and TenBhn.onidc&). 

4 — Perdamera — Tarsi of five segments {Xylophaga^ Elater- 
idoBi Larnellicornia^ CarahidoBy OicindelidoB, &c.) 

Lady-birds (CoooiraLLiDiB). 

The OoccinelUdfle or Lady-bird Beetles are nearly all bene- 
ficial. Their food consists very largely of plant-lice or Aphididee, 
and the mjurious scale-msects or Coccidse. Both larval and 
adult lady-birds have the same diet. There are a great number 
of species, most being black and red or black and yellow m 
colour, but some are brown and pale yellow and some metallic. 
These useful beetles hibernate durmg the winter months in the 
adult state, seeking shelter under the bark of trees, m outhouses, or 
amongst fallen timber, and very often invading houses m such 
numbers in the autumn as to completely cover the ceilings . this is 
particularly noticeable to any one living near hop-gardens, where 
numbers of CoccmeUidee always congregate to feed off the hop-lice. 

Perhaps the commonest species are the 2-spotted lady-bird 
{OoQcmdla {Adolia) hirpunctata) (fig. 68, 7), the 10-spotted 
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species {G deeeivrjmnd:ata\ and tlie 7H3potted species {O septem- 
puTictata) (fig 68, 9), which may be found all over England. 
The eyed lady-bird (G, ocellata\ one of our largest species, may 
also be often seen in hop-gardens, and feeding off the larch and 
other coniferous plont-lice. This species can be told from the 
other large ones by the eight black spots on the elytra being sur- 
rounded with a yellowish band. The genus Scj/mnm, another 
group of CoccinelhdflB, also do much good by devouring scales 
A minute black lady-bird (Scymmts mimmus) has been recorded 
by Miss Ormerod as feedmg on plant-lice niiJ red-spiders as 



Fia 68 .— Lady-birds (CoeointilUdCB), 

1, Ova on loaf; 2, egg magnlfled, 8, larva (“nigger"), 4, natural siae , 6, 6, pnpjo, 
7^iAdalia bl-punotata , 8, variety of A. bl-pimotata , 9, OoooineUa septem-punctata 

well These useful beetles lay their creamy-white eggs (1) in 
the sprmg upon a variety of plants. They are deposited in 
groups closely applied together, and hatch out into the larvae 
in from ten to fifteen days. The larvae, called “mggers” 
(3 and 4), are smoky black or grey, with yellow or orange and 
white markings on their bodies. They are extremely active, 
and pursue the plant -lice with considerable agility. The 
“nigger” has six jointed legs in front, and the surface of the 
body 13 more or less rough, and slightly hairy. When mature 
these beneficial creatures attach themselves by their tail with 
silk to the under-side of a leaf, and then change into the short, 
plump, black and creamy-white pupa (6 and 6) : in the early 
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aiimmer the pupa hatches out in about two weeks into the 
matuie lady-bird, which soon commences to carry on the good 
work of clearing off the fly, started during its larval career. 

The importance of these msectivorous allies cannot be over- 
estimated. The destructive scale, Iccrya purchase which dl 
but annihilated the orange - groves of California, has been 
checked, and almost destroyed, by the importation into America 
of the lady-bird {Vedalia ccirdinalts) which feeds upon that 
scale m Australia. Some lady-birds of the genus Epilaclma do 
much harm by eating leafage of plants in Africa, America, &c. 
These destructive lady-birds can be told by having puhesceiit 
wing cases. 

The Pseudotetramera contain the following important in- 
jurious species : — 

The Turnip Mud-rbetlb [Hdophoms mgosus), 

A small beetle belonging to the HdoplioridcBy most of which 
are aquatic, both as adults and larves ; the latter may bo vege- 
table feeders or carnivorous. Helophorus are non-swimmors, 
and occur on and near water and in mud. This Mud-bectlo 
IS i inch long, oval, oblong, and broad , dark reddisli, often 
covered with mud; dark marks occur on the elytra; legs 
pale red; antenuBa thickened towards the top. The larvco 
are over J inch long , six logs m front ; on the dorsum of the 
first three segments is a dark transverae curved line, on the 
remainder two rows of large square black spots, rows of 
smaller ones below on each side, two processes at the end 
Both adults and Iotvib eat the turnip leaves and leaf-stalks, 
and also destroy the roots Attacked leaves curl up and soon 
show in the attack It occurs locally m England, Wales, and 
Scotland So far all complaints have come from Ahordeonshirc 
Remedies — Apply a stimulatmg dressing of 1 cwt of nitrato 
of soda per acre. Do not grow turnips near an attacked field. 
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The Turnip Plba-bbktlb (Phtllotbbta nemorum). 

The Turnip Flens or Fly, as they are popularly called, belong 
to the family Halticidse. These Flea-beetles are small insects 
with enlarged posterior femora, and feed upon a great variety of 
plants. Several species may be found on root-crops, especially 
turnips, namely P. neniorum, P, cruciferce, and Pleeiroscdis 
concinna. The latter is generally termed the Hop Flea, on 
account of the harm it does to the hopbme The Turnip Flea 
(P rmiormii) is a small beetle, about one-twelfth of an inch in 



Fio 60 — 1, Thb Tubnip Plea Beetle, ttiiicIi magnified , 2, naL length and wing 
oxpanue , 8, nat size , 4, 6, egg, nat. size and mug , 6, 7, mine, and cuticle eaten away 
by larva , 8, 0, larva, nat size and mag , 10, 11, pupa, nat size and mag 

length \ its wing-covers or elytra are shiny black, each having a 
clear yellow stripe running down the middle and bendmg round 
at the end. They are called Flea-beetles because they have 
the same saltatorial habits as those nimble degenerate flies from 
which they take their name The adult insects hibernate, and 
on the first warm days of spring come forth to get ready for 
their ravages upon the turnips and other cultivated Cruoiferae 
when they come above ground. The winter hibemators at first 
feed upon charlock and other cruciferous weeds, such as 
Shepherd’s purse and Jack-hy-the-hedge ; but as soon as the 
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turnips show above ground, away they fly and nip off the two 
cotyledons just below their junction, thus completely destroy mg 
the young plant Should the weather be warm and dry, the 
damage they do is tremendous, often necessitating two or more 
sowings of seed before a plant con be obtained They are very 
susceptible to damp and cold, and then become sluggish, — a 
feature usually noticed early in the morning after a heavy 
dew. When the turnips get into rough leaf the damage they 
do is not so great , but even then they are destructive, eating 
away at the tissues until the leaves are almost skeletons. 
The female lays her eggs upon the turnip leaf, on the rough 
under-surface, often choosing a place near the nbs to deposit 
them In from four to six days the ova hatch mto minuto 
larvsB with large brown heads and biting jaws, six small jointed 
legs in front, and a number of bans over the body The 
larvEB at once burrow into the middle of the turmp leaf, and 
there tunnel about in the parenchyma for six or seven days, 
when they attorn their fully fed state, bemg about one-sixtli of 
an inch long. On reaching maturity they leave the leaf and 
faff to the ground, where they pupate j ust under the soil The 
pupa is a pale-coloui’ed body, with the parts of the future flea- 
beetle marked out upon it In this position they remain ten 
days, when the mature beetle appeal’s. There are several broods 
dunng the year, the last or winter brood hibernating m all 
manner of places, — beneath stones, amongst the rough gross of 
the headl^^nds, in the hedgerows, and wherever else they can 
get shelter. Cabbage, thousand-headed kale, broccoli — m fact, 
all cultivated and wild Ciiiciferse — are abke attacked 
Preve7it%(m and Bemedies — There are many ways recorded of 
preventing and destroying this pest, but for all practical purposes 
they can be reduced to some half a dozen methods. I^'eedless 
to say, the state of the land and the weather affect this pest 
very much If plants can be rapidly got into the rough leaf 
there is little fear of any great loss , good cultivation therefore 
helps to keep down the damage. Wliere we are subject to the 
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fly, steeping the seed in kerosene or paraffin is very often suc- 
cessful, especially if germination is rapid ^ The smell remains 
on the seed when it is pushed up above ground and wards off 
the fly a number of farmers find this plan very beneficial 
When we see the fly commencing to destroy we can also keep 
them off to some extent by broadcasting over the young plants, 
early in tJie morning when the dew zs on the leaf^ soot, hme, and 
road-dust mixed m equal quantities. This compound sticks to 
the young leaves and drives the fly off for some tune ; a dressing 
of superphosphate at the same time would push the growth on, 
and so get the plant out of the young and vulnerable stage. 
Those who have a “ strawsoniser ” cannot do better than run the 
machme over the young plants directly they are up, spraymg 
them with pure paraffin at the rate of 1 J to 2 gallons to the acre. 
The writer has in garden cultivation found that dusting by means 
of bellows a substance called Belummte moat effectual The 
destruction of all wmter shelter should also be paid attention to. 

The Hop-flea (Plboteosoblis conoinna). 

Very often in the early part of the year the hop-shoots are 
much eaten away by this flea-beetle, which also goes to the 
turnips The hop-flea does most damage in warm days when 
the nights have been cold, checkmg the growth of bma It 
also eats the leaves m the same way as the turnip-flea, and 
occasionally even attacks the cones themselves, when the 
damage of com’se is irreparable The larvae ore found in the 
hop-leaf and the pupae m the hills, the life-history being similar 
to P nemorum. Great numbers of P. concinna hibernate in 
broken pieces of bine, m the bme-stumps left m the ground, 
and, like the tumip-flea, in hedgerows and other shelter. P. 
concinna is a brassy-coloured flea-beetle. Spraying the young 
bme with paraffin emulsion keeps the flea-beetles off for a time, 
whilst a good dressmg of soot and lime over the hills m the 
^ Turpentine has also been used with excellent results. 
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^arly morning "before the beetles are about will keep the pest in 
check, but the beat plan la to 3 ar the beetles off on to tarred 
boards and to keep poultry m the hop gardens. Arsenate of 
lead spraying has also been found effectual 

Aji allied beetle, Fsylliodes attmuatm, sonretimea quite ruins 
hops in an advanced state in Kent by riddling the cones and 
leaves when the former are beginning to npen. 

The Cabbage-plea (Phyllotbeta ORuoiFERiE) 

mainly attacks cabbages, sprouts, kale, and savoys, but it also 
joins with the turnip-flea in attacking turnips and swedes. It 
is deep shiny blue in colour, and when attacking cabbages feeds 
on the upper epidermis and soft tissues beneath, leaving the 
lower epidermis mtact, thus givmg the plants a marked pale 
blotchy appearance. It has been found that this and other 
allied flea-beetles which attack cabbage may be controlled to 
some extent by spraying with arsenate of lead. Several species 
appear to work in a similar manner 


* Mustabd-beetlb (Pbledon coohlbare^). 

The Mystard-beetle or Plack-jack often destroys turnip, rape, 
and mustard to an alarming extent, especially m the Pen dis- 
tricts, where it attacks both white and brown mustard. It is 
wh,ere mustard is grown for seed that it makes its effects chiefly 
felt. The Mustard-beetle belongs to the family Chrysoinelidcei 
which contains many injurious speciea In length the Black- 
jack is about 1 J to 2 lines ^ long, oval in form, and deep-blue to 
dark-green m colour, with black legs ajid antenn©. The females 
come out in the spring, having hibernated durmg the winter 
under grasses and in the dead hollow stems of plants, and at 
once lay their eggs on the leaves of Crucifer©, where the 
law© feed off the leaves for a few days and then pupate in 
^ A hoe ifi ^th of an inoh. 
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the soil beneath, then in two weeks a new brood appears The 
larvae are dusky-yellow in colour and spotted, with six legs and 
a caudal foot, and are about -J- to J of an inch long : there is a 
set of tubercles along each side, from whiph the larvae can pro- 
trude yellow glands. 

Prevention arid Remedies — Destruction of^ the stems of 
mustard, &c , by deep ploughing, so as to bury the beetles that 
hibernate in the stalks. Keeping clean the sides of all water- 
ways, where numbers of the beetles hibernate in the hollow 
reeds, &c. It is advisable to stop growmg mustard for a couple 
of years where the beetle is present j this will be found to lessen 



Pia 70 — Mcstard bpjctle {Phesdon heiulcE) 

1, Attacked leaf, 2, ova. 8, 4, ,6, lame, nat. size, and magnified; 6 and 7, imago, 
nat size, and magolfled. (Oiirtis ) 

their numbers rapidly, and also cabbage-crops must be given up 
for the year. Various dressings on the young plants to destroy 
the first brood are advantageously applied as for turmp-fiea. 
These beetles migrate jn a body, and thus can be stopped going 
from field to field by cutting a small trench across their line of 
march and .filling it with tor Although they are winged, they 
seem to use their wmgs little when doing the damage A beetle, 
Sapi'inus virescens, one of the Histendae, feeds off the larvflS of 
the Mustard-beetle, and mimics that msect m appearance so 
closely th^t only a practised eye can separate them. 

Two other beetles attack mustard — namely, the Blossom-beetle 
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{Meligetlies (m&iLs), much smaller PJimdon cochlearecB, which 
eats the flowers, and the tjurnip-weevil {Cmtorhynchiis a8simil%8\ 
a grey long-snouted species which lays its eggs in the mustard 
and turnip seed-pods. 

Asparagus-beitlb (Crioobris aspaeagi). 

The Asparagus-beetle is well known in gardens m the South 
of England, and often does a great deal of harm to asparagus- 
shoots and also to the seed-heads. It is n dark bluish-green 
beetle, with a rusty-red thorax, yellow patches on the elytra and 
red edges to them. In length Q asparagi is about J of an inch 

It belongs to the group of beetles 
called Eupoda, and therefore is in 
the same group as the Chrysomelidm. 
The insects are said to hibernate 
under rubbish or loose bark, and 
come out from the middle to end of 
April or May, soon laying their 
large, elongate-oval, dark-brown eggs 
on the fronds in rows of three or 
four : in from four to ten days these 
hatch into dirty ohve-green-coloured 
larvae, with six black legs and a 
pair of foot-like tubercles on each segment, and an anal pair by 
which they hold firmly to the plant. Like many Chrysomelidae, 
they can exude out of the mouth a drop of black fluid on being 
touched. In two weeks they are full fed and fall to the ground, 
where they form a cell and pupate The yellow pupa gives 
rise to the beetle m from five (Chittenden) to ten days (Miss 
Ormerod says from two to three weeks), and the beetle lays her 
eggs on the feathery fronds of the asparagus m rows, sticking 
them on by their ends 

Prevcfrdion and Eamedies — Neither chickens nor ducks eat 
asparagus, and thus can be turned on the beds that are infested, 



Eiq. 71.— Thb Aspabaous BBurrLB. 
Enlarged 8 times 
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and will then soon clear off these pesta “ An excellent prac- 
tice among prominent growers [m America] is to cut down all 
plants, including seedlings and volunteer growth in early spring, 
so as to force the parent beetles to deposit their eggs upon new 
shoots, which are then cut every few days before the eggs have 
time to hatch for the first new brood ” — (Chittenden.) Fresh 
air-slaked lime dusted over the plants early m the morning soon 
kills the larvae, but by far the best plan is to spray the fronds 
with arsenate of lead paste 

The Ourculionldse, or Ehynchophora, the family of Weevils, 
are destructive to crops, fruit, seed, and stored goods. The 
weevils are a very extensive group of beetles, in which the 
head is more or less prolonged mto a snout or rostrum upon 
which the usually elbowed antennse are placed. There are two 
chief sub-families, the Giiraulionid<B and the Bnbchidce — the 
former having elbowed antennce, the latter straight. Weevils 
are all vegetable-feeders. The larvae axe footless grubs, which 
are creamy-white, curved and wrinkled, and generally sparsely 
covered with pale hairs. The head is provided with a biting 
mouth, and is brown in colour. We find them living in galls, 
seeds, buds, blossoms, fruit, and on the roots of plants. The 
following are very injurious species • — 

The Apple-blossom Weevil (Anthonomus pomorhm). 

This weevil is a serious apple pest in the rmdland, southern, 
and south-eastern counties, but occurs m many other parts. 
Tlie adult beetle, which is shades of grey, with a V-shaped pale 
mark on the elytra and with a longish curved proboscis, is 
about one-fourth of an inch in length. They hibernate m the 
adult condition under the bark of apple and other trees, &c., 
commg out in the spring about the time the blossom-buds are 
commencing to expand The female then bores a hole into 
the expanding bud by means of her rostrum, which has a pair 
of sharp bitmg mandibles at the tip, and then deposits an egg 
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or eggs m the hole she has formed ' The maggots hatched from 
the ova remain feeding m the blossoms, which do not open 
(fig. 73, ii), and which soon become brown and withered, and 
may readily shake oiff and fall to the ground, so called “ Capped ” 
blossom. Pupation takes place m the dead blossom, the weevil 
eatmg its way out when mature. Usually the blossoms do not 
faU until after the weevils have escaped : a small round hole 
shows the place of exit of each beetle (fig. 73, i). The female 
takes some time to lay her eggs, each one requiring about three- 



• ** * «» 

t n m 

Fiq, 72 — APPLB-BLoasoM Whevil (Anthonomtu ^wnorum) 

1, Larva , 11, adult , ill, pupa 


quarters of an hour to oviposit in a single bud. As they can 
only live in an unopened blossom, the attack must necessarily 
be of short duration. The worst mischief is wrought when we 
have cold nights and bad weather, thus retarding the opening 
of the buds an’d giving a longer penod for oviposition. The 
whole life-cycle is complete m about five weeks. There is only 
one brood in the year. The adult beetles coming from the 
diseased blbssoms feed upon the apple leafage until the time 
arrives to hibernate. The males are endowed with considerable 
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powers of flight, but the females are not so often seen on the wing 
Some crawl up the trees to lay their eggs, but comparatively few. 

Pr&oefntion and Remedies — The same rules for prevention of 
this fruit pest apply to all alike — namely, the destruction of 
winter shelter by keeping the tree trunks clean and free from 
rough bark Trees which 
are seen to be badly 
infested, where possible, 
should be well shaken, 
and the dead blossoms 
collected and burnt before 
the beetles have escaped. 

The adults may also be 
larred off the trees on — applb blosbous damaokd by aitlb 

Wbevil {Anthonomua pomorum). 

to cloths and destroyed. 

Late lime-washing and keeping the grease bands on at blossom 
tune. also do much good. 

Pea and Bean Weevils (Sitones lineatus, &a.) 

That sparrows do an immense amount of harm is only too 
well known, but they are not accountable for the damage done 
to young peas and beans that is usually attributed to them. 
When the edges of the leaves of peas and beans are eaten out 
in notches, it is generally said to be due to this cosmopolitan 
bird , but if we carefully and quietly watch a row showing 
these symptoms, we will observe, sitting on the edge of the 
leaf, a clay-coloured beetle : this insect is one of the Pea and 
Bean Weevils, either Sitonos hneatns or S, cnmtics. These 
beetles are about one-fourth of an inch iii length, the former 
having two dark longitudinal strips on the thorax, the latter 
somewhat larger and clay-coloured aU over. Like the other 
weevil described, some hibernate os adults , others are found in 
the larval state in winter The hibemators come out on the 
wing the first warm days m spring, and feed off clover, lucem, 
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and tTifolinm, as well as peas and beans. It is especially the 
last two that they damage by eating away the leaves, taking 
large notches out of thenL These sitones are most timid . 
directly they hear a sound, or feel the least movement, they 
fall to the ground on their backs, and remam as if dead. 
Feignmg death is a common habit among weevils Some larvee 
live in summer at the roots of peas and beans, and often do 
some damage to them. They mature before the end of summer. 
Others lay their eggs upon the roots of clover, where the 
white, footless, curved grubs remain feeding 
throughout the winter, and very frequently 
kill the clover The adults which hibernate 
pass the wmter in all manner of places. 
They have been noticed in numbers m 
barley stubble . I have seen some species 
in great quantities in pea-stacks, and m a 
variety of other places. Field peas often 
suffer very severely, as well as garden 
produce. The bionomics of the Sitones are 
Fio 74 —Pea wbevil not yet fully elucidated. 

Pr&vention and Remedies . — The destruc- 
(Whitahead.) Winter shelter is essential. When 

field peas are attacked, a light rolling does much good, followed 
by a dressing of soot : the soot annoys them, and when lying 
on their backs on the ground a light roller destroys a great 
number, besides hreakmg down the ground, and so does away 
with the shelter they get in melement weather from the rough 
clods of earth. The larvae on the roots of peas can easily be 
killed in gardens by watering with soluble phrenyL In gardens 
it is a good plan to spread fine earth along the rows of peas, or 
they may be dusted with Belumnita 



Otiorhynohus Weevils. 

Amongst other destructive Weevils we may mention the 
Easpberry or the Clay-coloured Weevil (Otiorhynchus jptnpes)^ 
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the Strawberry or Yine Weevil (0 sulcatua), and the Plum or 
Eed-legged Weevils {0, temhrico&Jt^ dzA The genus 

Oticn'hynchus is characterised by possessing 
no wmgs; the elytra are soldered together 
over the abdomen. They are mostly large 
beetles, with a distinct short rostrum and 
elbowed antennee Both adults and lorvsa 
are very destructive to fruit, &c . the 
former devour the leaves and blossom, and 
later feed off the roots. AU the species 
mentioned here are night-feeders, hiding 
away during the daytime beneath clods of 
earth, boards, tinder the leaves of plants, 
or m crevices of walls. They fall to the Twice nat 

ground from the fruit-trees and bushes at 
the least shock or sight of a light, and can thus he easily caught 
by holding tarred boards beneath the trees and then jarring 
them. In this way the Easpherry Weevil (0. jpicipes) has been 


XCL 

Pio. 76 .— Tech Easpbhrby Wkhvil (OiiorftyTMAtta 
1, la, Larva , 2, 2a, pupa , 8, 8a, weevU , natural size, and magnified. 

successfully cleared out in many of the fruit-gardens m Cornwall 
and elsewhere, a similar plan being equally successful for 
catching the other species The larvae are of typical weevil 
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form, and live on the roots of strawberries, currants, and other 
fruit, and on ferns and pot plants, during the winter months, 
often doing much damage 

Other destructive weevils are the Nut Weevil i^Balanmus 
nuGus), a large weevil with extremely long rostrum, which 
causes the maggot in cob and filbert nuts; the Tumip-Gall 
Weevil {CmtorTiynchm sulcicolhsYy producing the large galls we 
find on turnips, containing a white larva m the winter, the 
Clover Weevil (Apion apncans)^ a small bluish weevil with red 
legs and a very long snout ; and the Com and Eice Weevils 
(OcUaTidra granaria and C. oryzca), which deposit their eggs m 
stored wheat, barley, oats, and rice. 

The Tuenip-Gall Weevil {CeutorTiyncTius 'pleurostigma) 

A small beetle ^ inch long It is black, dotted with grey 
and white scales, with a short curved snout The beetles 
emerge m spnng and summer, and lay their eggs in and on 
the roots of turnips, swedes, cabbages, &c. The white footless 
larvffi feed in the root and cause swellmgs to appear, in the 
middle of which is a cell in which the grub lives. When full 
fed, they eat their way out and pupate in the soil The larval 
stage may vary from four to fourteen weeks The plants are 
stunted and deformed, and often quite ruined. 

QontroL — Attacked turnips should he consumed as quickly 
oa possible. Stumps and roots of attacked cabbage should be 
burnt. Deeply plough the land after an attack, and try and 
avoid growing the same crop near tb the attacked field. 

Grain Weevils {Qcdandra gi^anaria and C oryzca) 

These two weevils attack stored grain and gram during 
transit in shiptf. Wheat, barley, and Indian com are especially 
attacked, and rice especially by G oryzcB Doth beetles and 
^ Also cftllGd GwixirTvynohuR pleurostigTiUi, 
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larvEB do the harm. The weevils lay their eggs on the gram, 
and the larvae, footless grubs, live inside and there pupate, and 
when mature the beetles eat their way out. The Corn Weevil 
{Q gramma) is ^ inch long, pitchy to brownish black, the legs 
reddish , the snout is long, and bears short elbowed antennoe ; 
the thorax is covered with punctui’es ; the elytra striated, and 
show numerous punctures. 

GaiLandra granana has no functional flying wings 01 aryzm 
has well-marked organs of flight. One egg only is laid m each 
grain. The whole life-cycle can be completed in a month, but 
it often takes much longer. The weevils hve a long time, often 
for more than a year They may lay at all times of the year, 
as long as the temperatui'e is over 66°, and best at 80° F. Like 
many weevils, they feign death. 

Remedies — Put 1 lb. of bisulphide of carbon in a saucer 
and place on the top of the gram (100 bushels) m an air-tight 
bin, and keep closed for forty -eight hours. In treating a 
granary or mill, 1 lb. of the bisulphide is sufficient for every 
1000 cubic feet In a mill two fumigations are necessary. 
Thorough ventilation is also advisable, so as to keep the tem- 
perature down and the grain dry, especially on board ship. 

PuLflB-sHBD Weevils (Betjohidje). 

The Bruchidee belong to the second group of weevils, which 
have a short rostrum and straight antennae. They are mostly 
brownish-red beetles with broad bodies and small in size, seldom 
more than one-sixth of an inch in length. Brucims rufimanus 
is one of the commonest The female deposits her eggs m the 
developing bean-pod. The larva hves mside the bean and there 
pupates, remaining inside the seed throughout the winter. In- 
fested seed con always be told by a small round depression on 
one side. On breaking through the thm skin that covers it, 
the larva or pupa will be found in a cavity inside the seed. 
The beetle hatches some days before it makes its exit, which it 

L 
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does through the round depression just referred to. A distinct 
hole IS then seen in the seed, from 'v^ hich the beetle has escaped. 
Such infested seed germinates, hut does not produce a healthy 
plant Often the seed is sown before the Eruchi have hatched, 
and thus they will be in a good position to continue their attack 
upon the crop again. Infested seed should never be purchased , 
but if it is, it should be subjected to either of the following 
‘methods of treatment — namely, fumigation by bisulphide of 

carbon or soaking in carbolic 
water The infested seeds may 
be placed in a closed box and a 
saucer of the carbon bisulphide 
placed on them and left for a 
few hours the fumes pass down 
and penetrate the seeds, killing 
not only larvce, but pupse and 
adults also. Two pounds of 
bisulphide will he enough for 
lOOO cubic feet of space. The 
temperature should he about 
75° r Infested peas may also 
be dropped m boiling water for 
five seconds and then in cold water. Many kinds of Bruchidse 
attack pulse of all kmds. 



Fio^ 77.— BsAir Bbetlb (Bnidhus 
rujlmcmvs) 

1, InrGfltsd bean , 2 and 8, beeblu, nat. 
size, and magnlf.ed (Wliitebead ) 


The Pentameia form the largest division of beetles, and 
mclude a great number of destructive species. The most 
important family of them economically is that of the 


ClIOK-^EETLEB (ELATERIDiE). 

The Elaters are commonly called Click-beetles or Skip-jacks, 
on account of their peculiar skipping movements, and the curious 
sharp dickmg noise they produce. They are the parents of the 
dreaded "Wireworm, by far the most obnoxious farm and garden 
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pest The elaters have an elongated body. There is a spine 
upon the venter of the prothorax, which fits into a correspond- 
ing pit on the mesothorax. When the beetle falls on its back, 
it IS unable to regain its normal position with its short legs, 
but the spiue apparatus enables it to do so. The beetle, to 
regain its feet, arches the head and prothorax and abdomen, so 
that the spine is brought out of the mesothoracic pit , suddenly 
relaxing its muscles, the body files back, and the spine coming 
violently in contact with the mesothorax, jerks the msect into 
the air, and at the same tune produces the chcking noise, the 
beetle sooner or later falling down on its ventral surface. The 
hind angles of the prothorax are often produced into spmea. 



c 

Fio 7s. — Stbiphd Olios bextle {Agriotea UTieatua) 


a, Wlreworm , &, pupa , a, Imago 

There are several species of elaters that are very destructive in 
their wire worm or larval state in Britain. The commonest are 
Agnotes sputator^ A ohEcwniSj and A lineatua or the Striped 
Click-beetle (fig 78, c), an insect about half an mch long, with 
pale stripes down the reddish-brown elytra Athovs Jumwr- 
rlioidalis is also sometimes very abundant, and smaller than the 
former. 

The lifo-history of the Chck-beetles is os follows. The adult 
beetles appear from April to October,^ but the majority are 
noticed in June . they may be found settled low down upon 
grass during the day, but towards evening on the tops of 
^ Now and then these beetles may be found m the winter. 
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herbage, or may be taken in abundance by -sweeping a net 
over clover. They lay their eggs close upon the ground, for 
preference, wherever there is plenty of shelter, such as at the 
base of clover, grass, and weeds. The eggs soon give rise to 
young wireworm, which are at first white, but which gradually 
become shiny yellowish, yellowish-brown, or even brown in 
colour. Wireworm have an extremely tough akin, and are 
provided with a very powerful mouth ; the first three segments 
have each a pair of jointed legs, and there is also a fleshy 
swelling beneath the anal segment ; in addition, there are a 
few hairs scattered over the surface. When full grown a 
wireworm may reach the length of about an inch to over 
an inch, depending upon the species. They take at least 
three years to mature, and in many instances four or even 
five, especially if food is scarce. They live almost entirely 
underground, upon the roots of plants Dunng wmter they 
cease feeding if the weather is severe; hut if the winter is 
open they may feed all the tune When full grown they 
burrow deep into the earth and pupate, this change apparently 
takmg place in the autumn; m the following spring or early 
summer the adult beetle escapes from the ground. 

^Nearly all plants are devoured by wireworm, wutli the ex- 
ception of mustard, which they will not touch They feed 
very ravenously, and destroy far more than they can devour, 
hence the great damage caused by them. Permanent pasture 
and clover ley contain the greatest number of these pests, as 
they can there work without being molested- Serious attacks 
of this larva usually follow the breaking-up of pasture and 
clover leys, unless the land is to some extent freed of these 
vermin first. 

Prevention and Remedies , — ^When land is going to he broken 
up, it 18 well to feed it down with sheep, and then feed them 
artificially on it. By so doing all the available herbage is 
cleared off, the land is trodden down firm, preventing the 
wireworm from moving and made objectionable by the sheeps’ 
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excrement This process places the pests under unfavourable 
conditions. On breaking the land up a dressing of gas-lime is 
beneficial, if applied m a proper manner. Yaporite and other 
patent soil insecticides also tend to check them iN’aphthalene at 
the rate of 3 cwt to the acre also does good Mustard is never 
touched by these larvae, and thus may be advantageously employed 
as a green manure. It should be let grow to about a foot high, 
and then either ploughed in direct or partly fed off by sheep, 
and then turned in ■ excellent results follow this method. As 
wireworm move about in the soil from plant to plant, frequent 
and heavy rolhngs with a Cambndge nng-roller cannot fail to 
give relief • in attacks upon wheat and barley this is the best 
method, followed by a good dressing of artificial manure to force 
on growth and repair the damage. The destruction of all weed 
growths, particularly couch-grass, is highly necessary; wire- 
worm are most destructive on badly farmed and unclean land 
I know of no manures, unless it be seaweed, deleterious to 
them. Mustard dross has been said to have good results in 
driving them away, but experiments m the laboratory and on 
the farm do not bear out this statement In garden cultivation 
the use of bisulphide of carbon and trappmg with carrots and 
pieces of mangolds may be resorted to with good effects. An 
excellent plan is to drill the artificial manures loitli the seed ; 
this keeps the wireworm off for some time and allows the 
plants to grow away. The beetles may also be trapped by 
placing heaps of green stuff about, covered with a board or tiles 
The beetles collect beneath and can easily be killed. The value 
of the rook and other birds is considered in a later chapter. 

Thb Lamellicornia or Cookohafbrs 

The Eose (fig 79) and Stag Beetles also belong here. The 
Cockchafers are called Melolonthidae, and have a pecuhar form 
of antenna. The common Cockchafer {Mdolontha mlgaris\ 
fig. 80, a large beetle about an inch long, with brown elytra, 
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having five ndges running down them, and pointed abdomen 
with black and white alternately down the 
sides, IS often very destructive in both adult 
and larval stages. The antennee have seven 
curious leaf-like lamellcB in the male (b) and 
SIX (p) in the female The larvse (a) are 
large, white, soft grubs, often over two 
mches m length, the end of the body 
swollen into a large sac ; with a large, 
brown, homy head, and six almost useless 
legs in front. They hve for two years, 
feeding on the roots of plants and young 
trees, and pupate deep in the earth in a 
well-formed cell in the third summer. The 
•Bi- chafers hatch out some tune before they come 

and lar- ahove ground. Other alhed injurious species 
are the Garden chafer {Phyllopertha harti- 
cola) and the Small or Summer chafer {Rhizotrogua soUhtialia), 
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Pia 80 — CocKCJHAPKE {Melolontka vidgarts) 

Imago , B, pupn , o, larva , j>, tall of ? , e, antenna of (J , p, antenna of 9 (a, b, 

and 0 ullghtly reduced ) 

Pr&o&ntion and Rj&mQd/ie&, — These destructive beetles often 
may be collected m great numbers by shaking them off the trees 
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over tarred cloths, and then burning them or giving them to 
pigs, which greedily devour them Where land is infested with 
cockchafer grubs, a good plan of clearmg them out is to turn 
pigs into the field when it is being ploughed : these animals 
grub about for the white larvae and devour them wholesale. 
Dressings of vaponte soon kill them, as also does naphthalene 
at 3 cwt, to the acre. The encouragement of birds such as 
rooks and starlings is advisable. 

The Necrophaga (or Clavicornla) are mostly “scavengers,” 
feedmg on decaymg animal and vegetable refuse. One family, 
the DefnrmtidcB^ are very destructive . they are small grey or 
brown beetles, that do much damage to manufactured animal 
matters in their larval condition. A small dark-brown beetle 
with fawn-coloured bases to the elytra and three dark spots, 
known as the Bacon Beetle {Defnnestes lardarmi)^ does much 
mischief in its curious larval state. The larva is dark-brown 
and covered with tufts of hair, which are placed regularly on 
the margins of each segment. They feed upon furs, hides, 
hams, and bacom 

The curious Sexton or Burying Beetles (Necrophonis) belong 
to the family BUphidce, which also contams the injurious Beet 
Camon-beetle {Silpha opaca). Some of the commoner l^ecro- 
phon may be found everywhere, pretty beetles with red and 
black elytra They bury any dead bird or small mammal 
they find, as deep as they can m the soil, and there deposit 
their eggs. The larvae feed off the decaying bpdy, and thus 
nd the air of impure gaseis. 

The Beet Carrion-beetles (Silpha opaoa and 
S. atrata). 

These beetles have become a regular mangold pest Origin- 
ally they were scavengers, feeding on dead carcases of birds 
and mammals as they lay on the groun,d , but the larvee now 
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feed upoa the leaves of the mangold, and have done so since 
at least 1844, when Curtis reports an attack of these beetles, 
since which time numerous attacks have been reported There 
are two species that do the harm — S, qpaca and S. atmta, the 
former is very destructive to sugar-beets m France. 8, <ygaca 
is nearly half an inch long, flattish in shape, dark-brown m 
colour, and when fresh, covered with a reddish-brown down, 
which rubs off, when the elytra appear black; each elytron 
has three sharp ndgea running along it, and between the 
second and third ridges is a dark spot; the edges of the 
wing-shields are turned up, the tip of abdomen tawny-red. 



Fio 81 — Bisbt Oaerion-beetlb {SUpha opam). 

« 

1 and 2, Larvnc, nataral size ; 8 and 4, dHTorent stages of lorvra, enlarged , 6, female, 
0, male. (Ourtls ) 

8. atrata is also common : it is a black and shiny species 
without the ndges on the wing-cases. We find the beetles 
under dead animals and birds in the spring, and m the winter 
amongst moss and under stones and wood. The female lays 
her eggs on manure, decaying leaves, and on the ground, in 
two weeks the larves appear, and feed off the wiirzel for 
about three weeks, when they pass into the soil and form 
a cell in which they pupate, the adult beetles come out 
in about eighteen days. There are two broods m the year. 
The larvas ore two -fifths of an mch long, and have six 
feet and two anal spines, and the sides of the segments 
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pointed , m colour brownisli-black except the sides, which are 
yellowish-grey. 

PrefD&ntion and R&tnedies , — As the beetles breed in manure, 
it should be ploughed in at once on wurzel land where the peat 
occurs. The beetles may be trapped by placing a freshly flayed 
sheepskm on the ground here and there. 

The Easpberrt Beetles (Bytubus tomentobub). 

Of all Easpberry pests the so-called Easpberry Bug, the 
ByturuB tommtosus, is the most noxious. The beetle (fig. 82) is 



Fia 82 — Tkb Rabfbsebt Bbetlb {Byturus tomentima). 


about one-sixth of an inch long, brown in colour, with a dense 
golden-brown pubescence. It belongs to the NitidulidcB, the 
same family that contains the Mustard Blossom Beetle We 
notice these beetles at their work in May upon the canes, eating 
the flower-buds at their base. The females deposit their eggs 
singly m the fruit-buds, and from these come the larvsB at 
about the time the fruit is formed, which at once commence 
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feeding upon it and thus spoil it entirely or reduce it in size. 
This grub, which we often eat in the fruit, is yellowish, with 
brown marts in the middle of each segment, and about one- 
third of an inch in length; at the tail-end are two curved 
projecting pomta It mainly lives in the receptacle of the 
fruit. When mature it falls to the ground or gets into the 
holes in the canes and poles, and there pupates and remams 
all the winter. 

Preiontion and Autumn application of naphthalene 

or vaponte round the canes and the destruction of prunmgs is 
about all we can do to prevent a recurrence of this attack 
Where we see numbers in the plantations, in May, we can clear 
them off by jarring over tarred boards, or, better, by shaking into 
tins of paraffin. The writer has found Belumnite good for this 
peat if well blown over the canes. It also attacks the Logan- 
berry and Blackberry. 

Ground-beetles or CABABiDiB. 

The Ground-beetles or Oarahida are a very extensive family. 
These beetles belong to a division called Geodephaga, and may 
he identified by their hard convex elytra, long thin legs and 
antennsB, and their extremely active habits. The majority are 
carnivorous, and do good by devourmg noxious msects, molluscs, 
and ammal matter. The mouth is armed with large sciasor- 
shaped mandibles, with which they cause great havoc amongst 
insect life. Some have wings, others have none. The larvai 
of Carahidffi are elongated and flat, shghtly fleshy, with a hard 
chitmoufl head and first segment : three pairs of legs on the first 
three segments, and two horn-like appendages on the dorsum 
of the tail segment, sometimes an elongated process below ■ 
like the adult, the larvas have powerful scissor -like jaws 
These larvsa are carnivorous, and have a similar diet to the 
adult The two most commonly met with are the Garden 
Ground-beetle {^Cardbus vidlaceus) (fig, 83) and Q, nennorcdis 
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The former is a large purple beetle, often seen actively running 
about fields and gardens ; the latter is golden-bronze in colour. 
Both are predaceous, and so are the majority of this family; 
but some have developed injurious 
vegetarian habits, attacking com and 
strawberries to a disastrous extent. 

The Corn Ground -beetle {Zdbrus 
gibhus) (fig 84) injures the roots of 
corn in its larval state, the adult 
destroys the barley in the ear, and lives 
during the day in tunnels in the ground. They are black- 
coloured beetles, about an inch in length, with broad heads 
and strong biting jaws. Another species, Bteropus motdicLuB, 
somewhat smaller, devours mangel-wurzel, attacking the young 
roots, often gnawing them off at the level of the ground. 
This beetle is also camivoroua The same species and two 


Fiq 83 — Grotwd-bebtlh 
(CarahuB vidUumis) Re- 
duced J 



Pin S4 — OoRiT GaouND-BHBTLB (ZoSmts gibbw) 

1, Adult , 2, S, lon'e, uat size, and magnified , 4, entrance to larval burrow ; 5, 
pupa. (Oui-tlH ) 


others — Harpalvs ruficornia and GalatTius cistelotdea — have 
in recent years been working among strawberries. H ruficomis, 
the most abundant, is about two-thirds of an mch long, black, 
with a large thorax, the elytra protecting two wings. The 
other two noticed have no wings They not only strip the ripe 
and ripening fruit, but attack the leaves and shoots All we 
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can do in regard to such an attack is to trap the beetles by 
sinking jam-pots or small puddmg-basins in the soil, partly 
filled mth sugar-water and decaying meat. The beetles fall m 
and are thus caught. 

EOVE-BEBTLES or STAPHTLINIDiEJ. 

These beetles can be told by the short truncate elytra, which 
leave the abdomen exposed. They somewhat resemble earwigs 
in appearance, frequently lifting up the hind end of their body 
The larvee are like those of the Ground - beetles, but have a 
relatively larger head. Some live upon dung £ind decomposing 
animal matter, others upon insects. The Devil’s Coach-horse 
{Ocyjpm olem) may be taken as a type. 

Shot-borer Beetles (Xtleborus dibpar and X saxeseni). 

These beetles belong to the family Seolytidce, Both species 
attack and burrow mto the wood of fruit-trees, forming long 
tunnels. The commoner species is Xyleborvs dispar. They are 
short broad beetles, shiny black in colour, with pitchy red 
elytra, and covered with a yellowish pubescence . the females 
are from ^ to ^ of an mch long ; the males, which are rare, 
about TS- to -5^^ of an inch. The beetles bore their way right 
into the wood of young trees as well as old ones, and in these 
tunnels the white larvse are found in May and June, feeding 
upon some fungoid growth (Ambrosia) that hnes the tunnela 
The grubs pupate in the same place, and the beetles occur m 
June and September placed like a row of shot in the holes, 
and there they remain all the winter X saxcsem con be told 
from X, dispcur by the thorax and elytra being more oblong in 
the male and narrower in the female The males of both have 
their wmgs atrophied. Various other related forma of the genus 
Scolytus attack the bark of forest and fruit trees. 

Prevention and Remedies — All infested trees should be cut 
down and burnt in such attacks, so as to stop the pests from 
spreading. Remedies are practically useless. 
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The Colorado Beetle {portjphm'a dGC&nilineata) 

An American beetle which is very harmful to potatoea It has 
been mtroduced into Europe, and once into England. This 
beetle obtained a footmg at Tilbury in 1901, but was promptly 
destroyed. Its presence is notifiable to the Board of Agricul- 
ture. It also attacks tomatoes and tobacco and many other 
plants It belongs to the family Chrysomelidm The beetle is 
very marked in appearance , it is ^ inch long and nearly J inch 
Wide , yellow, with five black hnes on each wing case ; a trian- 
gular black spot on the head and dark markings on the thorax. 
The beetle hibernates in the soil and amongst rubbish ; they 
emerge in spring and fly about Eggs are laid in clusters of 
10-40 or more on the under surface of the leaves, placed like 
Lady-bird eggs — that is, attached to the leaf at one end j they 
are elongated, oval, and orange in colour. The ova may hatch 
in seven days, or up to thi'ee weeks. The larvee also feed on 
the leaves , they are dull red when young, becoming paler as 
they grow to yellow or orange , head and legs black, and 
two rows of black spots on each side, the upper row being 
the larger and composed of seven spots. As they mature 
they become swollen and arched, and the body terminates in 
a kind of sucker, and the hind segments become black. 
When mature they reach ^ inch in length. They then fall 
to the ground and pupate • this stage may only last a week. 

Remedies — Spray with Paris Green or arsenate of lead, or 
collect the beetles and larvee and crush them. Hot only has 
this pest to be notified to the Board of Agriculture, but it 
IS illegal to offer for sale or expose the beetle. 


HYMENOPTEEA, 

OB Ants, Bees, W^sps, Sawplies, Gall-flies, 
Ichneumons, etc. 

The Hymenoptera include the Ants, Bees, Wasps, Sawflies, 
Ichneumon Flies, Cholcid Flies, Sirices, and Gall-flies. Oi 
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these the Sawflies and the Sincea are very destructive, Ants 
and Wasps are sometimes noxious , "whilst the Ichneumon-flies 
and Chalcid-flues are parasites, hundreds of species living upon 
other memhers of the insect world and so doing much good. 

The Hymenoptera have both biting and sucking mouth-parts, 
a completely fused prothorax, and four membranous wings with 
few nervures and a dark stigma on the costa. Metamorphosis 
IS complete. The head is provided with two large, compound 
eyes, and three oceUi on the vertex. The upper lip and 
mandibles are short, the mandibles being used for bitmg as in 
beetles. Maxillm may be elongated, and long in those that 
suck up the nectar of flowers. The lower hp may form a long 
tube with the maxillfle, which is bent round m repose. In bees 
the tongue can be so elongated as to assume the form of a pro- 
boscis : m this case the lobes of the jaws become elongated, and 
form a sheath for the tongue. On the base of the fore- wings 
ore found two scale-like bodies, the teguloB Ih Wood Wasps 
(JJrocendcB) and Sawflies {Tenthredtnidce) the pronotum is not 
united with the mesonotum. The wings are sometimes united 
together when expanded by a row of hooks. Wings may he 
absent (Mutilla), and m some of the workers, amongst the 
social Hymenopiera, The abdomen of the female may end in 
a sting, a saw, or ovipositor The larvae are 
of two types, generally they are apodal. The 
apodal forms pass their life as parasites m the 
body of other insects or in plants, producing 
“galls,” or in cells in the nests of the social 
and gregarious Hymonoptera. The sawfly larvES 
or “ False-cater pillars ” somewhat resemble those 
of the Lepidoptera, hut there are six to eight 
A SAWiTLY pairs of abdominal legs, and they live free on 
leaves or in galls. The larvee of the Wood 
Wasps {S^rices) live inside the wood of trees, and have only 
rudimentary legs. The grubs of social Hymenoptera are fed 
by the workers, they have a small, brown, retractile head, 
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with short mandibles and pointed maxiUee and labium Some 
Aculeate Hymenoptera place m the larval cell, when the egg 
IS laid, a half-paralysed insect, upon which the grub feeds when 
hatched. Many spin a silken cocoon, in which they pupate. 
Some undergo a curious stage which precedes the pupa, called 
the ;pseudo]pujp(L The pupae are usually pale and soft, with the 
legs of the future insect, &c., detached from the body (hg 85). 

The Hymenoptera are divided into two sub-orders — 

(i) Ey'iifien, Petiolwenires, Including the Aculeata and 

Ichneumons. Abdomen connected to thorax by 
slender jomt. 

(ii) Eympn Sesdliventres. Sawflies and Wood Wasps. 

Abdomen broad at the base. 


Ants, Wasps, and Bees (Hymenoptera FetloUventres). 

The Petiolate Hymenoptera mclude the FomicidcB or Ants, 
Fosi^oria or Digging-wasps, Vespidm or true Wasps, and the 
ApidcB or Bees, and Ichneumon and other parasitic Hymen- 
opteraL The Ants, Wasps, and Bees live in colonies, the 
Fo8807^ are solitary. 

They ore divided into three series — Aculeata, Parasitica, and 
Tuhuhfera the first have a sting, and the second an ovipositor, 
the third have only three, four, or five visible abdominal 
segments 

The Aculeate Hymenoptera are classified as follows : Uetero- 
gyiia or Ants, with the petiole of the abdomen havmg one or 
more scales, sexes consiatmg of 5, ^ . Fomres, with 
simple petiole, d 9 Wings not folded longitudin- 

ally Dijploptera or Wasps and Sand-wasps, with the wings 
folded longitudinally. Anthophila, hairs of body more or less 
plumose or branched 
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Ants (Heterogtna). 

The Formicidca or Anfca are provided with strong mandibles 
for bitmg, the maxillee and labium normal All ants are social, 
living in colonies composed of workers, males, and females. 
The workers are always apterous \ they are undeveloped females, 
and are often peculiarly modified for different purposes . some 
act as soldiers, others as labourers, and yet others as “ nurses ” 
for the brood. The males and females have wings. The abdo- 
men, which is provided with a powerful poisonous sting, is 
nnited to the thorax by a one-jointed stalk in the genus Formica^ 
by a two-jomted stalk m Myimica, Those with the two-join ted 
abdominal-thoracic stalk are provided with a sting and are poison- 
ous , hut the genus Farmica has no sting, yet is nevertheless 
poisonous The latter bite, and then squirt the formic poison 
into the wound. During the greater part of the year a Colony 
of ants consists only of workers, larvee, and pupas, but in 
summer winged males and females appear, which we see flying 
about on warm days. They pair in the air. When fertilised 
they fall to the ground, the wings are then torn off, and 
bhe female is borne along by the workers to deposit her eggs in 
the nest of the colony. Ant grubs are very feeble creatures . 
they are fed with specially prepared food by the workers, and 
when mature pupate m the same cells. The pupee of the stmg- 
less ants {Fonnica) are m a cocoon; those of the stinging 
Myrmica are naked These cocoons are usually called “ ants' 
eggs,” and form a valuable food for pheasants and other birds 
as weU as goldfish. The dwellings of ants consist of passages 
and holes in wood and earth, and also of heaps of earth, pine- 
needles, and pieces of wood thrown up into hill-like areas. A 
large number of species are found in Britain, some more or less 
injunous. The food consists of both animal and vegetable sub- 
stances. As destroyers of small caterpillars they are certainly 
beneficial, but they also do much damage. Some form their 
nests in meadows and cornfields, and render mowmg a difficult 
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operation The nests they fonrij however, can be easily cut 
down, and the contents killed , whilst the earth spread over the 
grass will do much good They may make pasture-land look 
unsightly, but they do as much good as harm. One peculiar 
hahit IS the curious way in which they keep colonies of Aphides, 
so as to draw the sweet honey-dew out of them , they even 
stimulate this secretion by stroking the backs of the plant-lice, 
and then take up the sweet drops as they isaue from their 
cornicles. They carry the Aphides about and are thus obnoxious. 

One of our largest ants is the Eed Wood Ant {Formica rufa)^ 
which forms dome-shaped nests in woods, especially pine- woods. 
Fruit, notably peaches, are seriously affected by these little 
peats 

Remedies for Ants, — Ants’ nests are best destroyed by mak- 
ing a hole in the middle of the nest, pouring in about an 
ounce of bisulphide of carbon, and then closmg up the liol6 
with a piece of clay or poufing in boiling water. 

Wasps (Ybspid^). 

The true Wasps are social insects like the Ants — males, 
females or queens, and workers being found m each colony. 
At the end of the year the colonies die off ; only the fertilised 
queens live through the wmter, hiheinatmg in the thatch of 
houses, <feo., dunng the cold months of the year. The queen 
appears m the spring and commences to make the nest. At first 
only a few cells are made, in each of which she deposits a single 
egg : from these workers alone are developed. The queen feeds 
the first brood of maggots, giving them small caterpillars, &c., 
chewed up mto pulp. As soon as the first lot of workers are 
produced, the queen gives herself up entirely to egg-depositing, 
the workers doing all the duties of the nest In autumn males 
and females come from the brood, the former fertilising the 
females, which hibernate during winter. The Wasps’ nests 
are van able in form, some being ground nests {Ve^a vulgaris), 

M 
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othera swinging aerial nesta {Vesjpa aylvestris)^ — the^ consist of 
a senes of layers of cells, one deep These layers or plat- 
forms are connected by vertical pillars one above another. The 
comb and cells are made of a papery substance ] so also is the 
envelope enshrouding the layers of cells. Tins substance is 
made by the wasps chewing up decayed wood, the scrapings of 
the bark of trees, and the green slimy matter off water, mixed 
into a pulp with saliva : this dries mto a greyish or tawny kind 
of paper. The opening is in the under side. The food consists 
chiefly of insects in the early part of the year, but later they 
attack fruit, and even rob bees of their sugary stores. 

The commonest Enghsh Wasps are Vespa vulgaris^ the Com- 
mon Wasp ; Vespa sylvestris^ the Wood Wasp ; Vespa the 
Tawny Wasp, common in sandy districts ^ and Vespa craho^ 
the hornet. Eight species are found altogether. The stmg is 
in the form of a double-edged saw, with poison-bags at its base. 
Unlike the hive-bee, the wasp can' stmg any number of times. 

Solitary Wasps are known as Sand Wasps or Odyn&i'i , the 
fifteen British species are all more or less beneficial. They 
are smaller than those of the genus Vespa^ and never hve in 
colonies. They form burrows m sandy banks, with curved and 
tubular entrances, composed of pieces of mud. Like the wasps, 
they are all of some shade of yellow and black m colour They 
provision their nests with small larvss and weevils in a paralysed 
condition 

Remedies for Wa^s, — The ground nests of V mlgaiis^ 
V, rufa, &c , are best destroyed by burning sulphur m them of 
a night and blocking the nest up with clay ; then digging them 
out next day, and burning the whole brood. Cyanide of 
potassium is often employed, but with no better results than 
sulphur, unless the neat is dug out afterwards m the same way. 
The hanging nests of V sylvestris ore more troublesome . by 
far the best plan is to shoot them down, late m the evening. 
Needless to say, all the spnng queens should be killed 
whenever one can do so. 
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Bhbs (Anthophila), 

The last division of the Aculeate Hymenoptera are the Aw- 
thoyhila or Bees, including the genera HolictuSy Avdrenay Bowr 
hiLSy and Apw. These have an elongated mouth, the maxiUaB and 
lower lip forming the so-called “ tongue ” of the bee. The fore 
wings are never folded together longitudinally when at rest. 
Most are colonial in habits, and m some there is a distinct caste 
of workers, as m the hive-bee. The nests are made up of cells, 
and are very variable. The genus ATidr&m make their nests m 
sandy banks generally, some of wood, others of sand ; and 
the Ajpidm of wax In the colonial forms only one queen in- 
habits each nest. Some cells are set aside for the brood, others 
for stormg up pollen and honey. The genus Nomada or the 
Cuckoo-bees are non-colonial, and live as parasites in other bee- 
nests. The Andrenas have no worker form \ for they also are 
non-colonial, but nevertheless greganous. 

BomUy or Humble-bees, large, heavy, hairy species, are use- 
ful as fertilisers of plants without their aid red clover cannot 
seed. In New Zealand red and other clovers were imported, 
and sown as a forage crop , but they never seeded until Bombi 
were also imported The long tongue is the active agent in 
this cross-fertilisation. 


The Honey-lee and its Relations. 

Our Honey-bee is scientifically called Ajpu melUfica, It be- 
longs to the last genus of Aculeate Hymenoptera, namely, Apis, 
the species of which are characterised by the absence of tibial 
sjmrs on the posterior legs, and by the presence of three cubical 
colls. All the members of this genus are permanently social 
There are several well-known species of Apis, as well as a great 
number nf local vaneties of A. melhjicay which has been dis- 
tributed over the earth by man. Our common honey-bee (A. 
melhjica) is a native of Europe, Africa, and Western Asia. 
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The German or Black hoe and the Italian or Li^ninan are the 
beet known. The former is gpreyish-black m colour, and covered 
with tawny hairs. The queen and drones are darker, however, 
than the workers. The legs and ventral surface of the abdo- 
pcien in the queen are brown^ and of the drone greyish-brown 
The Ligv/nan or Italian vanety (fig. 86, a) comes from Northern 
Italy, it 18 also found m Naples It is somewhat larger than 
the true A TnelUfioai from which it can be told at once by the 
bright tawny yellow nngs at the base of the abdomen, three m 
number in all pure-bred stock. The ventral surface of the 
abdomen is also golden yellow except towards the tip, which is 
black The tongue is much longer than in the Black bee and 



Fig 86 — HoNar-BHBSL 

A, ApfH melllfloa v Llguila , s, A. xneUlllca , o, A. dorsato. 


more hairy. The Ligurian queen and drone vary, some being 
quite dark ; but the workers always show, when pure, the three 
golden yellow bands on the abdomen. Besides these two there 
are numerous other races of A melUficay such as the Carmo- 
lan^ said to be a very docile race , the Htmdayan^ a blackish- 
brown variety with tawny hairs at the base of the abdomen, 
but smaller than ours ; and the Maltese, very similar to ours, but 
also smaller Two well-known types ore the Syrian and Cyprian, 
The former is banded with yellow and black, and much resembles 
the Ligunan, but has more yellow on the venter : this race is 
most prolific, and easily handled. The Cypnan may be told by 
the bright leather-coloured lunule which tjps the thorax posteri- 
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orly, and the venter is yellow to the tip : like the Syrian, it is 
most prolific, but savage The Egyptian bee {A. fas&Ma) is 
considered by some as a distinct species, but is probably only a 
vanety of A* melhfica it is considerably smaller than the 
Italian The pretty little Indian Bee {A indicd) was also at 
one time considered distinct from our hive-bee ; but although 
very different in appearance, it is only a variety. It is exten- 
sively cultivated m India, and has tremendous hives, contairiing 
as many as 80,000 individuals it is a small bee, with much 
golden yellow on the body. Various other races exist 

The Giant Honey-bee of India {A doT^ata) (fig. 86, o) is much 
larger than any of the varieties of A mdlificay the worker being 
quite as large as a Ligunan queen. The wings of A» daraata 
are dusky black ; the base of the abdomen is dull orange-yellow, 
and two pale yellow bands run across the remainder of the 
blackish-brown abdomen ; while the dark thorax is clothed with 
tawny hairs posteriorly. The drones are said to be dark-brown 
marked with yellow (these I have not seen) ; and the queen is 
leather-coloured. The comb of A, dorsata is often six feet long 
and four feet wide , it hangs from branches of trees, ledges 
of rock, and m crevices of rocks. The comb is similar to that 
of our honey-bee, but the layers are placed closer together. 
It 18 extremely abundant m the jungles of India. A distmct 
variety, A. zonata, with large broad abdomen, dusky black 
except at the base, and with a thick tawny pubescence on the 
thorax, is also recorded from India and the East Indies. Ajpw 
flm'OR (Fab.) is quite distmct, it is a small dehcate bee, with 
much tawny yeUow at the base of the abdomen, the tip being 
dusky brown with two pale bands m the middle. Mr Sladen 
sent me a beautiful vanety, mudrmtforifnu (Smith), which is 
deep hrowniah-black, with two pale silvery bands m the middle 
of the abdomen. The stmgs of A fim-CB and A. indica are 
very small 

In Mauritius and at E4union is a doubtful species, A unir 
color^ which produces green honey. There are several others 
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"with doubtful specific characters, with which we cannot deal 
here, enough having been said in relation to the species of 
A'pidm, 

All the members of the genua dealt with above live in per- 
manent colonies. There are three individual forms — the perfect 
female or queen, the imperfect female or worker (wrongly called 
a neuter), and the male or drone. The queen’s sole function is 
to lay eggs; her ovaries are very large, and nearly fill the 
abdomen. The female is longer than either drone or worker ; 
her mouth organs are not so fully formed as in the worker • the 
tongue, labial palps, and maxiU® are much shorter, and the 
curious poUen-baskets on the hind-legs are absent. The queen 
sting 18 curved like that of a Humble bee, and has fewer barbs 
than that of the worker. The drones or male bees are found m 
the summer. The presence or absence of drones depends on 
the condition of the colony. The drone of A. mdlifica is much 
shorter than the queen, and more robust. When flymg, the 
drone produces a loud buzzing noise. The eyes meet above 
(holoptic), whereas in the queen and worker they are separate. 
Ho stmg is developed, nor pollen-basket Drones hatch from 
unfecundated eggs, but queens and workers from fecundated 
ones. Workers often lay eggs, which invariably turn to 
drones (parthenogenesis). The workers are abortive females, 
and vary from 15,000 to 45,000 m each colony;, whilst A. 
imdicOi as mentioned before, may number 80,000 m one colony, 
when fully stocked. The maxillee (fig. 87, mx) and labium are 
much elongated, the latter deeply grooved and joined to the 
head by two rods {cardimles)^ ecu The sides of the maxillae 
(laciniee) Qac) are stifif, and form a tube connected with the 
oral orifice ; the labium is long, and united to the maxill© by* 
the submentum and two rods. From the mentum proceeds the 
lingua or tongue (],i\ labial palps (Ijp), and paraglossss. The 
tongue is hairy, and consists of a rmged sheath, sht beneath, 
Withm the tongue is a rod which extends beyond its tip, also 
cleft ventrally. When not in use, these mouth-parts are bent 
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nnder the head The jawa or mandibles {m) are strong, and are 
used for cutting comb and Imeadmg up the wax. Another 
structure of interest in the worker is the “pollen-basket” on 
the hind-legs, in which the pollen is amalgamated, then collected 



Fig 87 —(1) Mouth and (iO Sting ot Bbob, dib8Bcted 

c, OlypenB , Z, labrum , e, eplpharynx , m, mandibles , Ca, caidlnales , Zo, lorm , mx, 
mavlllm, Sti, stipes, lac, lacinia, mxp, nnuillary palps, men. mentum, h, lingua, 
Ip, labial p^ps , P g, poison gland , P n, wlson sac , a, lancet , A, base of stylets , dy 
curved root of sting , lig, angular piece , L, end of lever 

by the bee’s mouth, and transferred to the four anterior legs, to 
be taken to the hive This structure is a deep cavity on the 
outside of the posterior tibia and first tarsal joint, with a nm of 
hairs Workers all possess a sting, which is straight The 
poison ejected with the sting is an acid fluid secreted by two 
coiled glands (P g)^ and is stored up m a small sac (P.s). This 
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poison-bag la connected with the sting by a tube. The piercing 
organ consists of three needle-like points : one is larger than 
the others, and this large style (s) has a reservoir at its base 
where poison is stored up The two smaller lancets alre hollow, 
and are barbed with eight to ten barbs, which hold and cause 
the sting to be pulled out when the bee tries to withdraw it. 
In the act of stinging the awl first pierces, then the lanceta 

The ova that give nse to workers hatch m three days into 
white footless grubs, which are fed by workers, and mature m 
eight days. The food of the grubs that are to become workers 
consists of a scanty supply of a white fluid composed of pollen 
and honey. The cell m which the grub lives is then capped 
over with pollen and wax. The larva, when mature, spins 
itself a cocoon of white silk of extreme thinness. Three days 
after the insect has been capped in, it pupates. In another 
week the bee emerges. The freshly emerged bees do not leave 
the nest for two days or so, and are easily told by their paler 
colour. As a rule, a worker lives from eight to ten months, 
when hatched m the autumn, hut when hatched in the spring 
it seldom survives more than three months Worker-bees do 
all the work of the hive, secrete w'ax, build the comb, feed the 
brood, and ventilate the hive. The older bees chiefly collect 
the honey, pollen, and the so-called propolis. The hives^ are 
ventilated and the temperature reduced by the violent vibration 
of the bees* wings, whilst extra heat is generated by forced 
respiration. 

The queen-hee comes from on egg placed in a specially pre- 
pared cell, usually situated on the edge of the comb, and 
composed of wax and? pollen A queen-hee may he formed 
from an egg or from a worker larva when quite young, the 
larva being surrounded by a “queen cell.” The larva destined 
to become a queen is fed on a plenteous, rich, nitrogenous diet, 
“qiieen jelly,** with which the cell is completely filled. The 
queen larva is longer and larger than the worker, and feeds for 
five days, then formmg her open cocoon, in which after three 
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days site pupates, and at the end of sixteen or seventeen days 
emerges as the “ queen ” A few days later the queen flies out 
of the hive, and whilst on the wing is impregnated by the 
drone. She then returns to the hive to commence egg-laying 
As many as 3Q00 eggs are laid per day : these \Vill turn into 
workers or queens , but should the queen not be pregnant, the 
ova turn into drones only, and similarly at the end of queen 
life. The female A. melUJida, unlike the worker, may hve foi 
three years : some queens have been said to retain their vitality 
for as long as five years 

The drone grubs feed for six or seven days, and ' then are 
‘‘capped” in their cells, the covering being very convex, a 
feature by which we can always tell drone cells ; the wax is 
impure, and thus the ceU’ is darker than the others In 
twenty-five days the drone emerges. These males are killed 
off by the workers, and even the drone brood is destroyed by 
them when they are not required. Their sole function is to 
impregnate the queen, which act entails their death, the 
copulatory organs being left in her vulva. 

8wai*ming takes place when a hive or colony becomes over- 
stocked or disturbed by mice and other causes. This swarming 
18 most erratic. The bees chng together upon some tree or 
fence, and then, accompanied hy the queen, fly off to, their 
new home, apparently previously sought out, for they are said 
to fly direct to their new abode, and there soon commence a 
fresh colony The three substances formed by beep are Iwney, 
wax, and jpropohs. The first is made from the nectar of flowers 
The nectar is taken into the crop or honey-stomach and altered 
into honey, which the bee regurgitates mto the already formed 
honey-cell, this cell being eventually capped. Honey is stored 
for the use of the mature bees, and, when mixed with pollen, 
to form food for the brood. Wax is formed as a secretion in 
scale-hke plates beneath the bee's abdomen m four pairs of 
so-called “ wax-sacs,” and is seemingly fprmed from mtrogenous 
food. When npo, the wax-scales are removed by the bee's 
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claws, and taken by the month and mixed with saliva to form 
a plastic substance from which the cells are moulded. Propolis 
is the product of resmous substances off buds of trees, &c , 
collected by the bees to use as cement, and to fill in crevices 
between the irregular cells in the comb, and for the attachment 
of the latter. 

The other group of this division, the FossoreSy are the 
Pigging-wasps. Cerceris arena'i-ia and Pompilitia plumheus are 
two common types. The former is black and yellow, the latter 
red and black. They are lively solitary insects which hunt for 
their prey. The females often dig a hole in the ground m 
which to lay an egg ; m this is also placed a grub, to serve as 
food for the newly hatched larva. The buried grub is not dead, 
but paralysed by the stmg of the Digging-wasp {Pompilim), 
All bemg insectivorous, we may look upon them as beneficial 
to ns. 

Ichneumons, Gall-flies, &c (Hymenoptera parasitica 
or terebrantia). 

The chief famihes are — 

(i) The ChalcididcB, whose larvm are parasitic in various 

msect larv80 and ova, and even in other parasites ; 

(ii) The Braconidoe, which attack caterpillars and beetle- 

larvae ; 

(ill) The IchneumomdcB, which attack all larvae ; 

(iv) ProctotrupidoB — Larvae parasitic m eggs and bodies of 

other Arthropods ; and 

(v) CynipidcB — Parasitic in plants, &c. 

The ova laid by the various insectivorous insects hatch into 
little grubs, which gradually devour their host, hut not until 
they and their host have nearly reached maturity, when they 
pupate either withm or external to their prey. Some, however, 
ovijjosit in insect eggs. The little yellow cocoons we often see 
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m abundance around the larvae of the Large Cabbage-white 
{Pieris h'oasiccB) in the autumn are the cocoons of one of the 
Braconidae, Mierogast&r glom&ratus, which aids so much m 
destroying these noxious larvae on our cabbages. Vide also 
fig 95, 6 

These insects vary much in size . some are microscopic, while 
others are quite large. All, however, are equally beneficial, and 
worthy of our protection. 

The Hessian-fly is largely parasitised by these insects , so are 
Aphides We can nearly always find some dead plant-lice on 
every tree — pearly looking bodies, often with a minute round 
hole, showing where the parasite has escaped. 

GaIiL-WASPS OB CYNIPIDiB. 

Gall-wasps produce a great variety of deformities upon trees 
and plants. There are many mteresting features m these 
insects, and their life-historiea are often very complex. They 
are mostly small, with apodal grub-hke larvae (fig 88, n) They 
are subject to great numbers of parasites, and have otiier harm- 
less guests (mquihnes) called Synergi hving m their galls. 
The thorax is humped and the abdomen short. The females, 
which have the ovipositor curved upwards from the ventral 
surface, deposit their eggs in plants and trees. The eggs are 
sometimes placed on long stalks or peduncles, usually m groups 
or clusters (b), but sometimes singly. Those here figured are 
of Biorhim tei'm%naZ%e laid m the terminal buds of the oak. 
The larveSj which are curved, white, footless grubs, pupate in 
the galls, some developing m a few days (catkm galls), others 
taking a long time to mature (woody galls). The “galls” were 
at one time said to be formed by an irritating venom ejected 
into the wound This is not the case. The galls are produced 
by the irritation set up by the larva. We find, as a rule, two 
forms, a sexual form and an agamic form. The galls of each 
differ Those whose galls appear in the autumn are always 
asexual We thus get an alternation of an asexual autumn 
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generation and a sexual spring generation, Parthenogenetin 
reproduction then takes place in these Cynipidse. Some are 
parasitic on Diptera and others on Aphides, Oak apples are 



PlO. 8S — OYNIPIDiB 


A, Galls 0 # Cynipa kdlari o, maggot ^ a, hole of eaoape of fly , 6, gall attacked by 
tits D, Larva b, Pupa, v, Imago b, Ova of Biorhixa tem,inalu (The ova are 
ftom preparations sent me by Mr Hammond.) 

formed by Gymps JcoUari (a) and BiorMza tei'minalis. The 
Bedegtiar or mossy galls on the rose are formed by Ehoditea 
ro^ce?- The majority of Cynipides are found on the oak, a few 
pn the rose and other plants. The ink galls of commerce are 
formed by CynipidsB. Tits, especially the Blue and Great 
Tits, peck the grubs out of these galls m great numbers. 
(Fig. 88, A, 6) 

^ Aooording to the late Hr Ashmeod) the farmers at Harrogate gather 
these galls to make an infusion for the cure of diarrhoea m cows (Kuller, 
Zool S S , p. 1206), 



HYMENOPTERA (SAWFLIES). 


189 


The Sawflles ajid Wood-wasps (Hymenoptera 
sessiliventres). 

Sawfliea and Wood-wasps are phytophagous, 'vvith sessile ab- 
domen, the larvBB resembling caterpillars jn the former group. 

(1) The Sawdies or Tmthredinidcs have a sessile abdomen, 
with short saw-like boret (fig 89) of a complex structure, which 
is only excerted during egg-laying. The mandibles are well 
formed, but the rest of the mouth is weak. The sawflies lay 
their eggs by cuttmg a slit in the epidermis of the leaf; m 



Pig 89. -Haw of a Fhmalb Sawfly (greatly enlarged). 


this a single ovunl is deposited, and the slit may be closed by 
a gummy excretion. The larvae are called “False-caterpillara,” 
and feed voraciously on leaves and even fruit Some form 
galls on willows, &c. They have twenty-two or more legs, and 
can thus be told from the Lepidopterous larva. Often when 
young the larvae are greganoiis, but separate as they grow older. 
They all, or nearly all, spin cocoons, which may generally be 
found in the ground beneath where the larvae have been 
feeding. The cocoons are often covered externally with small 
particles of earth. They remain in this position all the winter 
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— some as larvee, which pupate in the spring, others as pupee. 
There may be two or more broods in the year. Some species, 
such as the Slug-worm (Eriocanvpa hmacina), are cosmopolitan, 
doubtless having been distributed m the pupal stage in the 
earth at the roots of nursery stock. The foUowmg are three 
typical mjunous species: — 

The Currant and Gooseberry Sawfly {Nematus ribesii). 

Fruit-growers and gardeners are constantly troubled with the 
false-caterpillars ” of this species on their gooseberry-bushes, 
and sometimes on the currants The larvae can be told by the 

number of sucker- feet and the 
curious positions they assume, 
often with the tail turned up over 
their back. They are hluish-green 
in colour, spotted with black, and 
marked at the sides with turquoise- 
blue and yellow j the first segment 
and the last but one are yellow. 
When full grown they reach half 
an inch in length, and become 
pale green, except behind the head 
Fio- 00 — Goosebbrut Saw»ly and near the tail, which retains 

appears in April, and may be seen 
settling on the gooseberry leaves 
It has four slightly iridescent wings, an orange abdomen, and 
black and yellow thorax : they vary from half an inch to rather 
more than an inch across the wmgs. The female, which is 
larger than the male, cuts a number of little shts m the leaf, 
along the ribs or the edge, and in each she deposits a single 
ovum. The eggs hatch out m about a week, sooner if the 
weather is favourable ; the young larvee feed close together for 
some time We can tell their presence m this early stage by 
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noticing the leaves here and there being riddled with small 
round shot-holes, in each of which is a young sawfly larva- As 
they grow they disperse over the bush, reaching maturity in 
from four to five weeks. When full grown they are three- 
quarters of an inch long They then leave the bushes and 
burrow an inch or two under the soil beneath, where they 
pupate; some even pupate on the shoots Very often these pup£B 
hatch out from two to three weeks later, giving rise to a second 
brood : this second brood often attacks the fruit as well as the 
leaves. A third brood also may occur. When mature, lilce the 
first generation, they bury themselves in the ground, and remain 
there all the wmter in the larval stage and pupate in sprmg. 

Prevention and Eeniediea — The removal of the soil to the 
depth of a couple of mches in winter and burning it, replacing 
in spring, will have the desired effect of checkmg their mcrease 
where it can be done, as in gardens.' 

Whem gardens are subject to this attack, much loss of time 
and money would be saved by a thorough examination, by boys, 
of the bushes m the late spring, so as to collect and destroy 
the young larvae before they have spread over the whole bush. 
White hellebore is a recognised insecticide to use, mixed as 
recorded hereafter ; but the best remedy is spraymg with tobacco 
wash or arsenate of lead Even soft-soap and quassia kill them. 
Arsenate of lead must not be used for four weeks before picking 
the berries, green or ripe. 


The Pear and Qherry Bawfiy {Briocamjpa limaeina) 

Considerable annoyance is often caused by the larvm of this 
species upon Cherry and Pear. The larvee (fig. 91) are called 
Slug-worms and Snegs, on account of their shmy slug- like 
appearance. They feed on the upper surface of the leaves, 
eating only the upper epidermis, and leaving the lower intact 
(fig. 93) When very numerous the leaves turn brown, die, 
and fall off in the summer, and a fresh lot of foliage takes itg 
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place, thus weakening the trees The adult Sawfly (fig. 92) is 
a small glossy hlack msect, about one-fourth of an inch m 



Via 91 — Slog- WORM of Phar (Brioaamipd liTnadna), 


length; the wings are iridescent^ with the middle area smoky 
black, and are about three-quarters of an inch from tip to tip. 
The parent lly comes out of the ground beneath the trees m the 

spring, generally in May. In most 
cases a single egg only is placed 
on the under-side of each leaf, its 
position being easily told by the 
small pale spot that appears over it. 
The ovum hatches in two weeks, 
and the larva escapes to the top of 
the leaf. At first it is pale and 
free from slime , but soon a slimy 
exudate comes out of its skin and 
gives it its typical slug-like appear- 
anca Its form is peculiar, being 
much swollen up at the head-end : 
it has twenty legs. In four weeks 
the slug-worm has reached maturity, 
It attains the length of half 
an inch. At the last moult (the 
fifth) it loses its slimy character, and becomes dry and dirty- 
yellow m colour. It then falls to the ground, where it forms 
a cell and pupates. In the summer broods, of which there are 
three In England, the pupal hfe lasts about fourteen days. It 
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seems that they do not all undergo these stages at the same 
time, some remaining in the ground much longer than others. 
Numbers of larvse are often found on one leaf of dijBferent 
si^es, the eggs haTing been deposited at various times. The 
early brood does no harm in this country. It is the later ones, 
that appear m summer and autumn. 

Preverdion and R&niedies. — Similar preventives apply here 
as m the Gooseberry Sawfly Lime will soon kill the larvae if 
it IS applied twice in succession, as they have the power, like 
slugs, of passing out a coat of slime and leaving it and the 
lime behind. They are best destroyed by the arsenical washes 





Fia 98 — Sluo-wobmb (Lame of Srioaampa limacfm) upon a leaf 

mentioned in Appendix IL Arsenate of lead was found very 
successful m 1897 at the S. E. Agricultural College Fruit- 
Gardens, and many times since by fruit growers. 


Apple Sawfly {Hoplocampa testudinea). 

The larva of this Sawfly works in a somewhat similar manner 
to the Codhug Maggot The Sawfly appears the time the 
apples are in blossom, and lays her eggs m the open blossom. 
The larvse of typical Sawfly type grow m the young fruit as 
it develops, and eat out the inside, they make an exit hole 

N 


194 


HYMENOPTEBA (SAWFLIES). 


through which a coffee-coloured liquid and brown fross ” ar< 
passed out, a sure sign of attack in the fruitleta when abou 
the size of a big cob-nut. They also move to others near anc 
‘‘scar” them when travelling in a marked manner Wher 
mature they pass to the ground and enter it, and form a cocoon 
in which they remain as larvBB until the spnng, when the} 
pupate and are ready to hatch at blossom-time. The adult 
(Sawfly) is ^ to J' inch long, reddish-yellow, with a black 
patch on head and thorax, and the dorsum of the abdomen 
black; legs yellowish-red; wings transparent The male is 
somewhat darker and smaller. The larvte are creamy white, 
some with a pinkish tmge, and reach J an inch long ; they are 
noticed in June and early July. The adults are only active in 
bright sunlight. 

Treatvi&iit — Handpick all attacked fmitlets possible before 
larvae escape. Employ poultry in the plantations. Dig naphtha- 
lene in under the trees in autumn. 

Tumvp Sawfly {MhdLia apinarum). 

A few attacks of this Sawfly have been recorded in Britain, 
the whole leafage of the turnips bemg devoured The larvm 
have been spoken of as “ Niggers ” and “ Black Palmers ” 
Ormerod records a bad attack in 1881 near Ashford; for the 
last twenty-seven years I have never seen it in that part of 
Kent or at oU, Gloucestershire, <fec., have had their local attack 
also, and other attacks have occurred at intervals — 1756, 1760, 
1782, 1806, 1818, 1833, 1835, 1838, 1881, &c. The larvm are 
f mch long when mature ; at first they are white, then greenish- 
white with black head, then jet black, with paler line on each 
side and white head, and later slaty grey with black head and 
paler beneath, and the same pale side lines. They have twenty- 
two feet. After feedmg three weeks they pass to the eoi'th 
to pupate, and another generation hatches out m three weeks. 
Later m the season it is said they take three months before 
the larvee are ready to pupate. Many of the autumn brood 
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remain as larvje all the winter in the cocoons in the soil. The 
attack when it occurs is said to be overwhelming It also 
feeds on charlock, wild mustard, and wild brassicee. Curtis, ui 
Ins ‘Farm Insects,’ gives the best account of this insect. 

Prevention and Remedies , — Sweep the roots with boughs of 
light leafage and twigs to knock the larvae off. Dnve sheep 
through an infected field. Thick sowing of seed. After an 
attack well cultivate the land with a scarifier. ITo recent ' bad 
attacks have occurred m Britain. 

The Com Sawfly {Geplws pygmmus) 

The Com Sawfly belongs to a different section (Q&pMnm) to 
either of those already mentioned. The body of this com pest 
is flattened from side to side, keel-shaped. It has long been 
known as a com pest, but it is never very serious in this 
country, as it is sometimes on the Continent All kinds of 
straw crops are attacked, but G pygrmmis seems to show a 
decided preference for wheat The adults appear in June and 
July, they have a black-and-yellow-banded body, brighter in 
the male than in the female, the former sex is rather more 
than one-third of an inch long, the latter slightly smaller , wing 
expanse just over half an inch. The female cuts, by means 
of her saw-like ovipositor, a slit just beneath the developing 
ear of corn, and there places a smgle egg, closmg the hole up 
as others do in this group. In two weeks, or a httle less, 
there comes from the ovum a small white larva, which at 
once commences to devour the inner poi'ts of the straw as 
the larva gi’ows it works downwards, imtil about harvest-time 
it has reached the bottom of the straw, havmg eaten its way 
through the successive nodes When mature it re^iches half 
an inch m length \ it is white, and, unlike other Sawfly larvee, 
it is nearly apodal • a few small lumps below are all that 
remain of the typical sucker-feet. When the bottom of the 
straw IS reached the larva turns round, and then cuts the straw 
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off an incli or two above the ground as clean as if cut with a 
sharp penknife The winter is passed in the stubble, where the 
larva spins a cocoon of pale loose silk, pupating in the cocoon 
m the very early ?pnng Some live in wild grasses at the 
headlands, hedges, and woods, so that we have constant fresh 
infestations coming. 

Prevention, — If the stubble is simply ploughed in after an 
attack of corn sawfly, unless very deeply, a large number of 
the insects will hatch out and escape from the ground It is 
advisable where this pest has been very bad to scarify the fields 
and harrow the stubble together and bum it ; by so doing all 
the larvsa in the “gratten” are destroyed, and thus subsequent 
harm prevented. 

iN^umerous other Sawfiy larvss attack fruit, such as the Social 
Pear Sawfly {Pamphilusflaviventi'ts)^ and the Plum Fruit Sawfly 
{Hoplocampa fulmcorniB) Concemmg these and otliers the 
reader is referred to ^The Insect and Allied Pests of Orchard, 
Bush, and Hothouse Fruits,’ by the author. 1908. 30s. 

Wood Wasps {Sinctdce or Uroceridce) 

The second group are the Wood Wasps or Sin&idcB, The 
Sirex-flies have a long freely projectmg ovipositor, by moans of 
which the female places her ova in the wood of coniferous trees. 
Two species are destructive to conifers in England, namely, the 
Giant Sirex (Sirex gigas) and the Steel Blue (Paumnts noctilio). 
Both are large insects, the former species often being an iiicli 
and a quarter long in the femalej with four tawny wings and 
black and yellow body , P. noctUio is somewhat smaller, and 
beautiful steel-blue in colour The ova laid under the bark of 
the trees hatch into white, nearly footless larvee, which eat their 
way into the very heart of the wood, forming long tunnels 
which are partly blocked up as they progress with their “frass.” 
They seem to hve in this position some nine months, and 
pupate somewhere near the bark, so that in the summer when 
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the Sirex is mature it can easily eat its way to the open The 
adults have extremely hard and strong hiting mouths, and leave 
behind a large round hole in the trunk that we very often 
notice on pine-trees. I^’umbers of larvae usually inhabit each 
tree, so that it is soon killed. It is always advisable to cut 
down and bum any tree showing symptoms of their attack m 
the wmter when the borers are at home. They are forestry 
pests, and really should not be included here The Steel Blue 
Wood Wasp was formerly called Sirex juvencus, 

LEPIDOFTERA, 

OR Butterflies an© Moths 

The Lepidoptera or scaly- wmged insects are the Butterflies 
and Moths. The former are known as Diumi or Wiopalocei^a^ 
and have always club-shaped antennee (fig. 95, 1), and the wings 
are always held vertically over the back when in repose. They 
are day-fiiers. The moths or Hcterocera have either thread- 
shaped, feathery, or pectinate antennae, the wings are usually 
folded over the back m repose. 

Lepidoptera are haustellate, the mouth being prolonged into 
a long sucking proboscis or antlia. The scales ore the colouring 
part of the wing • they easily rub off, when the membranes of 
the wmg are seen to be transparent 

All Lepidoptera have a complete metamorphosis. The ova 
are often beautifully sculptured. The larvae or caterpillars have 
six true legs and usually four pairs of prolegs, with the addition 
of an anal pair at the bind end. The lorvee are mostly vege- 
tarians, and are provided with strong biting mandibles They 
moult four times. The length of life is very variable . some 
only hve ten days, others two or three years (Goat Moth — 
Oossus) The pupas may be naked, girdled by a band of silk, 
or enclosed in a cocoon of silk or a cell of earth The adults 
are nearly always winged, except in some female motha (Winter 
Moths), and are usually short-lived. Some imagines hibernate 
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(Toroiae-shell Butterfly), and these have a longer period of 
existence. Large numbers of moth larvae are injurious, but 
only a few Ehopalocera. 

Butterflies (Rhopalooera) (Fig 95) 

Amongst the seventy British Butterflies, only three {Pieridcu 
or Whites) can be considered of any economic importance, 
although others, such as the Comma {Vaifiessa G. — cdhum) and 
the Peacock ( V, may attack hops, and the Large Tortoise- 

shell (V. polychlorus), cherries. The Clouded Yellow {Gohas 
edtisa) has also been recorded attacking clover, &c. The 
clubbed antennse always identify a butterfly. The larvse, too, 
are often spmy {Vanessidcey The pupa or chrysalis (4) is 
augulated, and generally pale in colour. No cocoon is formed, 

the chrysalids either 
hanging with the head 
downwards and attached 
by a lump of silk at the 
tail, or suspended head 
upwards, when they are girdled hy a smaU band of mlk as well 
OS a caudal attachment 



Fig- 04.— Larva op thb Largh White 
(Pieria Imusioce) 


The Large White {JPiena hrcLssiccB), 

■We may take the Laige or Cabbage White {Pieria bramc(a) 
as a type. The fore-wings of this species are creamy-white, with 
a broad black patch at the tip m the male , m the female there 
are also two black spots m the middle of the wings. The under- 
side of the front wings of both male and female is white, with 
two black spots , of the posterior pale yellow with a fine dusting 
of black. The eggs are usually laid beneath the leaves of 
oraciferous plants, yellow m colour, and are arranged in clusters 
of twenty md thirty The larvffi (fig 94) are greenish at first, 
becoming bluish-green above, yellowish below, with a yellow 
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line along the back and at each side, spotted with black and 
covered with pale hairs. They live especially upon the outer 
leaves of cabbages The chryaahs is pale greenish-grey spotted 
with black, attached by the tail and by a silken cord around 
the body to some fence, wall, or outhouse There are two 
broods, one in the early summer and another in the autumn. 
In some seasons they destroy cabbage, kale, sprouts, and turnips 
being grown for seed wholesale. 

Prevention and Remedies — Some good may be done in 
gardens by hangmg rock brimstone over the cabbage-beds, but 



Fig 06 — Whttd (Pierts nap{^ 

1, Imago; 3, ovum, 8, lai-va, 4, ohrysalis, 6, IcLnemnon Tly (Himiteles malan' 
ariua) , 6, natnral size (Ourtis ) 

it cannot be said to be an infallible preventive. Where we have 
large breadths of cabbage, hand-picking about two weeks after 
we have observed the advent of the Wlutes is best The larv83 
are then in compact groups, and can soon be cleared off by 
women and boys, and also the egg masses. Belumnite blown 
over the plants is effective. 

The Small Wliite (P rajjce) and the Green-veined WTiite 
(P napi) (fig 95) also feed upon cabbages and other Cruciferro, 
and lay their eggs singly The Whites are subject to a 
number of hymenopterous parasites, one of which is shown in 
fig. 95, 5. 
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Moths (Hbtbrooera) 

Moths are far more ahundant in species and in numbers than 
Butterflies They do much harm to fruit, com, root and 
garden crops, and also to stored gram, &c. Generally their 
bodies are heavier than the Butterflies, but some {Geometers) 
almost resemble in form Ehopalocera. The antennae are, how- 
ever, never clubbed , they are either feathery, thread-like, or 
pectmated. The larvae are often hairy, never spiny, as in 
butterflies, at other times quite smooth; some have wart-like 
projections on them The pupse may or may not be naked. 
Some are surrounded by a thick case of silk forming a cocoon, 
as we see in the silk-worms. Others are found in a cell of 
earth {Agrotu), There are three types of larvse, one seen in 
most groups, such as the Hawk-moths, Hoctuoe, &c , in which 
the larvfiB have six true legs m front and four pairs of fleshy 
prolegs behmd, with an anal pair posteriorly. The second typo 
is seen m the Geometers or Loopers, in which only one pair of 
prolegs exist m the middle of the body The third is seen in 
the PlusiadsB or T-Moths (fig 64, d). The five more important 
divisions of Heterocera are — 

The Spliingina^ Bombycina^ Noctuinay Gef/moimna^ and Mirro- 
l&pidoptercL The last three contain the majority of the injurious 
species 

The Bpikingina are the Hawk-moths {SphiTigidce) They are 
provided with a long proboscis and usually pointed abdomen 
The antennas taper to a pomt at the end. The larv £0 of the 
Hawks have a curious horn on the last segment, and live upon 
the leaves of various plants. The Eyed-hawk {SmenntUus 
oceB/Cdus) may be taken as an example, and is sometimes 
harmful to apples 

The larvae of the Clearwinga {Mjemidm) are all ci’eamy- 
white in colour, and hve by burrowmg into the stems of 
shrubs and trees. 
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The Giirrant Oleancing {JEgena tipulifoi'niis) 

This pretty little moth (fig 96) is often very injurious m 
black-currant plantations. The Clearwings 
{JEgefiiidca) take their name from the^ fact 
that the major area of their wings is trans- 
parent. This species is a little more than 
two-thirds of an inch in expanse of wing; ^ ^ 

the body and thorax are purplish black with Clbabwtnq {JEgeHa 

tupuLlfformis) 

yellow bands. These clearwings have a black 

fringe to the wings, a black bar across the fore -wings, 

and the ends with black veins and with a yellowish sheen. 





Pio 07 —Larva and Pupa of Oubrant Clbarwincj (JEgena tupvZtformia) 


b, Enlarged head , o and d, anal extremity of larva. 


The currant clearwing appears in the latter part of May, 
but chiefly in June. The female lays her eggs where a small 
twig breaks olf, and also on the buds, the larvae making their 
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way into the centre of the shoots. The caterpillars, which are 
creamy-white, tunnel both up and down the stems during the 
winter, and by April are full-grown (three-quarters to nearly 
an inch long) They then pupate in a cocoon of loose silk in 
the tunnel The brown spiny pupa pushes its way out of a hole 
(fig. 98, a) previously formed by the larva up to the nnd of the 
stem, when the moth bursts its way out All kinds of currants 
are attacked, hut especially the black varieties. The moths 

Fiq 98 — Blaok Ourbant Stehb damagab by Larv^ oy Oubeant Oijlaewiro 

appear on the wing chiefly during the early hours of the morning, 
when they may be seen hovering over the currant-bushes. 

Remedies , — One can easily detect a hole in the bud, which is 
about the eighth to the sixth of or mch across, where the larva 
has entered. By pruning the infested shoots back until no 
signs of a tunnel are left, and by burmng the prunings, this 
somewhat local pest would soon be cleared out of an infested 
garden or plantation. 



The Garden Swift-moth {Hefpicdus Iwpxdvms)^ &c. 

The family HepialldsB or Swift-moths includes two injurious 
species — ^namely, the Garden Swift {JT, lujpuhnus) (fig. 99) and 
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the Ghost-moth (^H, liumult) (fig 100). The former is very 
destructive in its larval stage to garden produce and the latter 
to grass and hops. The larv© of the Hepialidse live under- 
ground upon the roots of plants, hut sometimes they burrow 
into the root itself and up mto the crown of the plant. They 
are dirty-white in colour, and have large brown heads and 
scattered bristle-like hairs over the body. The garden sw]ft- 
moth lays her eggs during the latter part of May and in June, 
whilst in flight, amongst vegetation. The larvce feed upon the 
rootage just beneath the sod, and continue all the winter. In 
the sprmg they pupate in the same place • the pupae are chestnut 



Pio, 90 — Garden Swift-moth (ffopioZ-iw iiymZlniw), pupa and larva 
a, Bnlarged segment of larva 


brown, with circles of spmes around them. The larves are 
often quite green, although the akin is white, the food showing 
through. They are very active underground, preferniig loose soil 
to work in j when put on the sod or in the hand they wnggle 
violently backwards when touched. Strawberries, lettuce, and 
mint seem their favourite diet. The moth is about an inch in 
expanse of wing and brown in colour, with white markings as 
shown m fig 99, and flies with great rapidity at dusk over the 
tops of the grass and other plants. 

Remedies — Dry dressings of soot, lime, naphthalene, or vaporite 
in the winter drive them away or kdl them, whdst prong-hoeing 
disturbs them and exposes some to the attack of birds. 
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The Ghost-moth {H JiumulC) is a large, pure, satiny-white 
moth, in the male sex, about two inches across the wings, which 
are dusky beneath, the body and thorax yellow : the female is 
larger, and dull yellow with orange on the fore-wings, hind ones 
brown. The larva are long white grubs with distinct brown 
head, found during the winter in hop-stocks and devounng the 
roots of grass, where they are extremely difficult to destroy. 



Fig 100 —Thu Ghoht moth (Hepialus Tiwmli) 
la, Male, 1&, female, 2, larva, S, pupa. 


The Hepialidce suffer from a fungoid disease caused by Gar- 
dyceps (mtomorTuza^ which grows out of the caterpillar, after 
having invaded it mtemally and killed it (fig. 101). 

Bombycina — The “ bombyces ” are mostly clumsy, heavy- 
bodied moths, with a very hairy covermg to their abdomen and 
thorax The antennae m the male are pectinated. The wmgs 
are broad and tectiform when at rest. The females are generally 
larger than the males ; some are wingless, as m the Yapourer 
Moth {Orgyia antigua). The larvae are usually very hairy, and 
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many spin a light cocoon m which they pulpate. The pupsB 
are never found underground. The larvse of some species are 
gregarious, spinning large tents of silk under which they live 
(Lackey Moth) , others — the PsyclndcB — form cases of foreign 
objects in which to live. There are several very injurious 
species in this division, but it also includes the valuable 
groups of Silk-worms {Satumidm and Bomhycidm), The family 
LvpandcB contains the destructive Gipsy Moth {lAparis dujaar)^ 




Pig 101 — OOEDTOKPS entomouhi/a (a fuaguB on Hepialua larvtE) 
a, Fruit , b, mycelium. 


whose larvsB have been such a scourge in Massachusetts and 
other parts of the United States, into which country it was 
introduced from Europe. 


Broion Tail Moth {EwproHu clirysorrluxa) 

A moth that is found now and again in England in consider- 
able numbers, but looked upon by collectors as a rare species. 
It cannot bo considered as a general pest, but now and again, 
usually at long intervals, local outbreaks occur. Its importance 
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is due to the fact that from Europe it has been introduced to 
America, where it has caused endless harm to fruit, shade, and 
forest trees 

The moth is satiny white in both sexes, and the female has 
a large thick brown tail , a faint dusky spot is present on each 
fore-wing. Its wing expanse is to If inch The female 
lays her eggs beneath the leaves in a long moss covered with 
the golden brown hairs from her tail , these egg pads may reach 
almost an mch in length. They hatch out in August and Sept- 
ember, and the young larvsa feed on the leaves and collect into 
colonies under silken tents which are attached to the branches 
or twigs, and remam m them all the winter. The larves, when 
mature, are about an inch long; they are deep brown with 
reddish-brown hairs, a row of white spots on each side, a narrow 
double broken line on the back, and with two prominent bright 
red tubercles on the back of the eleventh and twelfth segments 
They spin their cocoons to pupate in cimongst the fohage, on 
walls, &c. The larvm live m tents. 

Remedies — Spray with arsenate of lead, cut down all 
summer tents and destroy all those seen in wmter when prun- 
ing This insect is notifiable to the Eoard of Agriculture under 
the Insect Pest Act. (Vide Appendix ) 

The Laclcey Moth {Boinhyx {Glisdocmvpa) neustria) 

The Lackey Moth (fig 103), one of the family Bombycides, is 
often injurious to a serious extent m our orcharda The female 
moth is about an inch and a quarter in expanse of wing, and 
brownish-red m colour, with a pale stripe on each wmg • some- 
times the stripe is darker than the ground-colour of the wing 
The male is more of a yellowish brown colour, and smaller than 
the female. The adults appear m July and August, and the 
female lays her eggs in banda (fig. 102) tightly fixed round the 
smaller twigs and stems of the apple and other fruit trees • these 
nbbon-like egg-bonds remain on the trees all the winter, often 
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becoming loose, so that the whole band can be turned round like 
a ring. The larvea hatch in April and May, and live for some 
time under a tent of silk in large companies. As they grow they 
spread out over the tree. When mature they reach nearly two 
inches m length, and are bluish-grey m colour, striped longi- 
tudinally with orange-red, and between the two lowest bonds a 
broad blue stripe on each side with httle black specks, these 



Pjq 102. — ^BIgo-bakd of Lackbt Fig. 108 — Pbmalh and Male 

Moth, (Twice nat size.) Lackey Moths 


brilliant lines being separated by black and black spotted with 
blue, a pure wliite Ime runs down the back, with a narrow 
dark Ime on each side. The head is bluish, with two black 
spots and two on the segment next the head , body with tawny 
hairs. They spin a loose cocoon of white or pole yellow silk 
amongst the leaves, from which the moth emerges in July and 
August The tent of silk sometimes reaches a foot in lengtL 
Remedies . — Wash with arsenate of lead. In France they 
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cut the tents down with long-handled shears and burn them; 
or they can soon he destroyed, like wasp-nests, by blowing them 
down with a blank cartridga The eggs are too hard to be 
affected by any winter wash, but the bands should be pruned 
off and destroyed in winter 

The Notodontidse, another family, contains the well-known 
Puss Moth {Qerura vinvld)^ which lives upon willows and 
osiers, sometimes causing them much loss of leafage The 
large hairy moth is greyish-white, with black wavy markings, 
three inches in expanse of wing in the female, smaller m the 
male. The curious larvae are provided with two protrusible red 
tails, which can be extended some distance and waved about to 
frighten off the Ichneumon flies that prey upon them 

KToctuina. — The Noctuae are all, or nearly all, nocturnal in 
habits. They are mostly dull-coloured insects, with thread-like 
antennas in the female, pectinate in the male. The abdomen 
is broad, but slightly tapermg to a point at the hind end in the 
female, expanded m the male. The legs have strong tibiol 
spurs The front wings are generally narrow, and usually 
darker than th6 nnder-wings. The posteiior pair are often 
coloured, as we see in the Eed and Yellow Under-wmgs. The 
moths have a long trunk and projecting palpi There is a great 
superficial resemblance between mony of the species. The 
larvae are but sbghtly hairy, and are provided with Sixteen legs 
If the PlvMadcB are included in this group, the number of legs 
must not be taken as a characteristic, as they are reduced to 
fourteen, and some forms have only twelve. The pupae 
(fig 104, 4) of Hoctuae are generally found underground. Some 
are naked, others surrounded by a case of earth in the soil • 
they are brown in colour, and devoid of body spmes. Many 
of the larvae, especially of the genus Agi'otis^ are called Surface 
Larvae. 
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Surface Larvae {Noctuce). 

One IS constantly finding dull-coloured caterpillars in the soil, 
especially m the autumn, winter, and spring These sluggish 
larvae (fig 104, 2) can at once be identified as moth larvae 
by the number of their legs They are of a vanety of species : 
the majonty, however, belong to the two moths called the 
Turnip Moth (Agrotie segetum) and the Heart-and-Dart Moth 
{A exdamationts), while not a few are the caterpillars of the 
Yellow TJnderwing {iSi^phcena pronuhd). All these are noc- 
turnal feeders, living just under the soil durmg the day and 



Pio 104 ,— Hbabt-aitd-Daiit Moth {Agrotia 
1, Imago 1 2, Burlace larva ; 8 and 4, cbryBollB In earthen case (Onrtis.) 

coming out at night to feed. They sometimes^ like worms, 
pull a number of leaves into the soil to devour during the day. 
Almost all plants are attacked by them, and the damage they 
cause is often considerable. Both stem and leafage is eaten, 
especially of young plants, alike in garden and field. The 
damage is often attributed to other animals, as they are not 
seen during the day. Celery in some places is attacked by 
them; the culprits have been thought to be rabbits. The 
two commonest moths named above have thick hairy bodies, 
and measure over an inch and a half across the wings — the 
upper ones in A, exdamatioms being brown with dark-brown 

0 
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marks on them, the lower pale-brown. A, segetum is paler in 
colour. 

Remedies, — Wheat-fields are often ravaged by these pests, 
and all we can then do is to apply mtrate of soda. Hand- 
picking in the daytime by turning over the soil around plants 
that look to be flagging is worth the trouble, even m largo 
cabbage-fields, where they often are very destructive. After 
the crop has been taken, it is a good plan to turn a number of 
fowls on the land, as they devour these larvae greedily ; but for 
wholesale purposes there is nothing like a dressing of naphthalene. 
These sc called “ Cut-worms ” may also be destroyed by placing 
here and there small heaps of clover or lucern soaked in arsenate 
of lead, or even bran treated in the same manner. 

The Gahhage Moth {Mamestra Irassicm). 

The caterpillars of this moth are very destructive to garden 
plants, includmg all Brassicfie, Turnips, Eadishes, Strawbemes, 
Currants, Indian Com, Tobacco, and Tomatoes. They are par- 
ticularly destructive to the latter in glass-houses Tlie moth 
is If mch in wing expanse, and body J inch long, fore wings 
dark grey-brown, varied with dark and light streaks and marks, 
and a marked zigzag white line near the hind border, and a paler 
kidney-shaped spot near the middle , the hmd wings are grey 
brown, paler at tlie base. Down the middle of the hack is a 
distinct crest or row of tufts The moth appears m May and 
on through the summer. The eggs are laid singly on leaves \ 
they are round, greemsh-yeUow, and ribbed, and look like little 
seeds. The caterpillar has the normal number of legs (16) , it 
varies in colour. The upper surface is brown or smoke colour, 
the lower grey-green or yellowish and spotted, otliers assume a 
greenish hue, others are qmte dark above and have tnangular 
marks with pale dots in them; often a marked dusky line 
occurs along the hack , the spiracles are white surrounded with 
black. When full fed it is 1 J mch long They take a month to 
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mature, and then enter the soil and change to a shiny hrown 
pupa, and there hatch, out into a second brood very soon. The 
moth may be said to occur from May to September, the larvsB 
June to October, and pupae September to May. Under glass 
they occur all the year The caterpillars bore into the hearts 
of the cabbages, and m tomatoes, eat the leaves and blossonx 
and fruit 

Treatment — ^Destroy all pupae when digging, turn poultry 
on to the land, spray cabbages with salt, 2 oz. to every gallon 
of water. Spray tomatoes ■with arsenate of lead. Trap the 
moths in glass-houses with sugar and beer put in jars 



Pig 106 — Silvekt T-Uoth (Plusia gamma), 
1, Ova , 2, larva , 8, pupa ; 4, Imago (Ourtls ) 


The Plimadce or Y-Moths include one destructive species — 
namely, the Silvery Y {Plima gamiim) (fig. 105), which now 
and then damages turnips and clover. The larvas have only 
two pairs of prolegs m the middle of the body , they are green 
m colour, with a white streolc down the back and a yellow one 
on each side. The Pluaiadss spin a hght silken cocoon (3). 

Geometrina — The Geometers are characterised by the peculiar 
mode of progress in their larvm, which have only ten or twelve 
legs, the prolegs are never all developed. Very few have 
twelve legs, fewer still are provided with fourteen. They 
crawl in a senes of “loops,” arching the body as they move 
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When stationary they are attached by the anal prolegs, generally 
with the body straight out They often assume the colour and 
appearance of the stems and leaves they are found upon this 
protective coloration is so marked in some species as to render 
them almost indistinguishable. Doubtless this mimicry is to 
protect them from their enemies, birds and the parasitic Ichneu- 
mon flies. The moths have slender bodies and large delicate 
wings, often beautifully coloured The pupae are found both 
under and above ground, and may or may not be enclosed in a 
cocoon. Most Geometers are crepuscular, but some fly dunng 
the day. They are mostly light bodied, and sit with their 
wings extended in repose, a few with the wings erect like butter- 
flies. Some are extremely injunous to fruit-trees, of which the 
following are the most important. 

The Winter Moth {CheiTnaiobia hrumata). 

This and the closely related Mottled Umber Moth {Hybemia 
defolim'xa) are often a serious trouble to frmt-growers The 
larva devour the buds, leafage, blossom, and fruit An orchard 
attacked by these pests presents a scorched appearance, the 
leafage in some cases bemg completely stripped, as bare as m 
winter. The female Wmter Moth is nearly wingless, and, to lay 
her eggs, ascends the trunk of the tree on hatching from the 
pupa in the ground or amongst the grass beneath the ^trees. 
Ihe male is wmged, about an mch and a quarter m expa^pse, 
brownish-grey with wavy brown hnes across the front pa'jj;. 
They fly about at dusk, sometimes carrying the female in co^ulO^\^ 
but not far They are called “Winter Moths” because they 
appear during the cold months of the year, from October to 
January. The green looper-larvss hatch from the ova in the 
spring about the time the buds are ready to burst. They pupate 
m and on the ground ivhen mature, which is about June. The 
larvfiB are at first dark grey ; as they grow they change to green. 
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blossom together. Wlieii mature they measure an inch in 
length. Lowering themselves down by a cord of silk, or 
falling, they then form a cocoon which is covered outside with 
earth, and hatch out in the late autumn and winter 

The moths lay their eggs close to the buds : they are small 
green bodies at first, changing to red before they hatch, and are 
clearly visible to the naked eye Other allied species with 
wingless females and doing similar damage are the March 
Moth (^Aniaopteryx oasculana) and the Mottled Umber Moth 
{Hyhemia defoliana). The March Moth appears in the early 
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ffiG. 106. — 1, Winter Moth {Olieiimtdbia ’brumiita) 2, Mottled TJmhkr Moth 
AND Oaterpillar (Hybcmia atifbUaria). 

Halo motb, wlngod , female moth, wlsglesa (All natural size ) 

Spring, and lays her eggs in bands round the twigs. The female 
is quite wmgless, so is the female Mottled Umber 

PreverUion and Remedies . — Bands of grease-proof paper, 
smeared with grease, put rouiid the trees m October and kept 
on until April, is a method generally eipployed for catching 
the wmgless females A few nevertheless may escape this trap, 
so that washmg is sometimes necessary. A special preparation 
called Tanglefoot is best to use, as it lasts sticky for nme 
months, and can be put on the bark direct, except on peach 
trees. Arsenate of lead is the best wash for Winter Moths, but 
when young the caterpillars may bo killed with nicotine wash. 
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Magpie Moth (Abraxas grosmlariata). 

Another Geometer is represented by the Magpie Moth 
(Abraxas grossulaiiata), -whose black and white “loopers” 
devour currani^ nut, apricot, and other leaves. TJnhke the 
Winter Moths, the Abraxas larva spins a very shght case of 
silk, m which the “looper” is transformed into a black-and- 

yellow-banded pupa upon the 
currant-bushes, &c , and neigh- 
bouring walls and fences, al- 
ways above ground The moths 
have a wing expanse of two 
inches , they are creamy white, 
spotted and banded with black 
and yellow; we may see them 
m almost any garden m July 
and August, flying lazily about 
over the currant-bushes at 
dusk. The eggs, which are 
oblong yellowish bodies, are 
laid upon the leaves. The 
young larvffl are almost black, 
and go on feeding until the 
foliage gets too dry, when they 
repair to then wmter quarters, 

Pin 107 —Life hihtort of Cuerant or . , 

Maopib Moth (Abraxas ffrosmiariata). lU tilO CreVlCeS 01 Wails, 

amongst the dead leaves that 
collect at the forks of the bushes, and other places . they are 
at this time about a quarter of an mch long, and dark in colour. 
As soon as the currants show leaf in the spring, they come 
forth and commence to feed again, and at this penod they do 
most harm. Eventually, about the middle of June they reach 
an mch and a quarter in length, and are black and white, with 
orange markings at the sides, — the pupal stage lasting imtil 
July and August 
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Rem^edies — Destruction of winter shelter and early spraying 
with arsenate of lead will keep this pest well m hand. 


Microlepidoptera. 

The Microlepidoptera are all small moths, many very minuta 
The antoimsB are thread-shaped. There are two chief sections ■ 
(i) Tortricina ; (ii) Tmeina, There are several impoitant families, 
containing some species of economic importance, especially the 
Toriricidody Garpocapsidce^ Plutelhdm, and Tmeidm . , The Fyr- 
ahdm are also included in this group, they have long and 
narrow wings, short palpi, and long-pointed abdomen, reaching 
far beyond the wings. Their larvae are shiny, and often have 
a few scattered hairs over the body Some pupate in cocoons, 
others like butterfly larvae. One species, the Garden Pebble- 
Moth {Pwriea forjicalw), is sometimes injurious to garden pro- 
duce, otherwise they are of little economic importance. The 
Oramhidm form another family popularly called “ grass moths ; 
they have long wings and long palpi, the front wings narrow, 
the hind ones ample and broad In the true Oramhidm the 
wings fold up in a tubular form when at rest. One family, 
the Gcderiidm or Bee-Moths, are injurious to bee-keepers, for 
their larvee hve in the comb and weaken the stock. Improve- 
ments in apiculture have, however, done away with the loss 
from this pest 

The Tortncidse and Oarpocapsidse are most important. These 
insects have a narrow body, not extending beyond the hind 
wings Pore-wings broad, truncate at the extremity, hmd-wings 
also broad. The lorvee live very often in rolled-up leaves; 
others live in seeds and fruit, and in the flower-heads of plants. 
Most of the larvm are pale in colour, delicate m texture, and 
slightly hairy, with a large brown head and the normal number 
of legs. 
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The Qodlin Moth ( Car^poea^psa ponuondld). 

The members of the genus Oaipocapsa hve inside seeds and 
fruits in the larval stage. The Codlin Moth is one of the 
CarpoeapsidcB^ it is half an inch acsross the wmgs ; the fore- wings 
are grey, with dark wavy hnes, and a metallic patch at each 
comer, the hind-wmgs are slaty grey. They appear in the 
orchards soon after the blossom has fallen from the apple-trees, 

when the female deposits 
her eggs on the young fruit 
The minute Codim maggot 
enters the apple at the 
calyx, and then commences 
to burrow into the fruit, 
where it matures, causing 
so-called “ maggoty ” apples 
and “early windfalls ” They 
first burrow to the centre 
and then to the outside, 
where they form a large 
hole through which the 
“ frass " 18 passed out. The 
maggot devours the core 
When mature, the larva is 
a little more than half an 
mch long, dirty white to 
pale pinkish white with 
scattered hairs over it, arismg from small darker spots, and the 
usual number of legs. On reaching the full-grown stage the 
maggot leaves the apple : if the fruit remains still on the tree 
it lowers itself down by a thread of silk to the ground, or 
crawls down ; often the apple has fallen by the time the larva 
IS full fed The majority reascend the tree and spm cocoons 
of dirty-white silk beneath the bark, in which they turn to 
chestnut-brown pnpea. Some larvse remain as such in the cocoon ' 



Pio 108 — OoDLW Moth {Car^ocapm 
1, Larva , 2, pupa , 8, Imago , 4, diseased fruit. 
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until the spring, others pupate m the autumn. In America 
there may be three or more broods, but m Britain it is usually 
^^jingle brooded. Now and then a second brood may occur, and 
then the maggot enters the apple close to where the egg is laid 
All kinds of apples are attacked, no variety being immune as 
far os IS known. This pest is found aU over the world. It 
has been distributed m fruit In many cases it is accountable 
for the loss of quite half of the crop, especially in badly-kept 
orchards. Pears and walnuts are also attacked. 

Prevention and JEimnedtes — This pest is one of the easiest to 
prevent and destroy if taken in time. It is surprising how 
many larvas can be trapped by tying a band of cloth round tlie 
tree trunks close to the ground the ascending caterpillars here 
find shelter and pupate; the bands can be taken off in the 
winter and burnt with the cocoons in their folds. Many, how- 
ever, change on the ground, especially if rough grass gi’ows 
beneath the trees ; this should all be destroyed in the winter. 
Powls and pigs turned into the orchards in late summer do 
much good in lessening their numbers Spraying with arsenate 
of lead directly the blossom has fallen kills the larvae as 
they enter the apple, for their first bite is arsenic that has 
lodged in the calyx. Needless to say, cleaning off rough 
bark and destroying it in wmter is beneficial, for by so 
doing many cocoons are destroyed or exposed to the attack 
of birds. 

Another noxious Tortrix is the Pea Moth {Grapholitlia 
piaana)^ whose larvEB inhabit pea-pods, living partly m the peas 
and so spoilmg their market value : this small slaty-grey moth 
IS not half an inch across the wings. The female lays her eggs 
in the quite young pearpod before it is properly formed or in 
the withering blossoms 

A great number of Tortrix larvee feed on apple, pear, and 
plum, spinning the leaves and blossom together 

The commonest species found are Tortrix ribeana^ T. heparana^ 
and Penfhina pruniana. Several others also occur in great 
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num'bGrs amongst fruit foliage. These con all he destroyed by 
arsenate of lead or nicotine soap-wash. 

Tlneinae are small moths, having long narrow wmgs with 
long fringes of hairs (fig. 110, n) Some are very small. At 
least one-third of our British moths belong to this group. The 
larvae vary in regard to the number of their legs , sixteen is the 
usual number, but in the genera Ghacilaria, lAtliocolletiSy &c , 
there are only fourteen, whilst in NepticvHa there are eighteen ; 
in Antispila the larvee are quite apodal The larvae vary as 
much in habits as in structure ■ some are miners, forming fine 
tunnels in leaves ; some roll up leaves , the Coleophoridce live 
m peculiar cases almost like snail-shells (fig. 110, a) , clothes 
form a shelter for one group, and numberless others live m a 
variety of ways. Amongst the injurious species we must at 
least mention the well-known Diamond-back Moth. 

Diamond-hack Moth (Plutella maculipmnis). 

In 1891 the east coast of Great Britain was ravaged by 
countless numbers of this moth, whose larvae feed on turnip, 
cabbage, and most other cruciferous plants, devouring the 
leaves down to the midnb. It was estimated that in a smgle 
year this httle pest, which is well known over most parts of 
England, caused ^620,000 worth of damage to root-crops alone 
Before that year and since it has done harm in many districts. 
The moth, which is a native, has long narrow wings, the fore 
pair being reddish- or slaty-brown, with a pale yellowiah-whito 
border posteriorly , the hind-wings are grey, with long fnnges 
of hair, a feature seen in all Tinemse, When the wings are 
folded the pale edges of the front ones come close together, and 
form diamond-shaped areas, hence its popular name. The 
moths (fig 109) appear in June and July, and lay their eggs on 
the under-Bide of the leaves. The larv® ore at first grey, then 
green in colour, about half an inch long when full-grown 
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they feed ravenously on the under-aide of the leaf. When 
frightened by any shock they drop off, hanging by a silken 
cord, which they use to regain the leaf when the supposed 
danger has passed. In from four to five weeks the larvae are 
mature, and then spin a network-like tube of loose yellowish 
silk on the leaf, blocking up one end with their cast skin and 
covering the other with a few threads Inside a black and 
greyish-white pupa will be found. As pupae they remam from 
two to three weeks. There are two broods in the year in 
most places — the winter being passed in the pupal stage on 
dead leaves, &c., in 
the frail net - like 
cocoon. 

Remedies — This is 
an extremely difficult 
pest to cope with, as 
it feeds on the under- 
surface of the foliage. 

But their habit of 
falling off the leaf 
when disturbed puts 
them to some extent 
under our control. 

An ingenious plan used 
by a Yorkshire farmer was to attach boughs to the nozzles 
of the “ strawsoniser ’’ in fiont, so that the silken cords of 
the larvae are broken, and they then fall to the ground and 
are reached by the insecticide used. Paraffin emulsion is as 
good as any to spray with. Where no “ strawsomser ” can 
bo got, taking the “scuffler” through the roots with supple 
birch or broom twigs attached will knock the larvae off, a 
little plough following after will kill the pests as they he on 
the ground. It was noticed in 1891 that the caterpillars all 
suddenly disappeared after a heavy rainstorm. Most larvae of 
moths are unable to stand a heavy downpour. Luckily a 



Fio 109 — •Diamond-ba.cr Moth (PZufeZldt 
maoulipennis) 

Moth, larva, and cocoon (nat sIbo, and magnjflsd). 
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number of Ichneumons prey on this pest, and help to keep 
its numbers down. 


The Gherry-tree Gase-heesrei {Coleophora anatipendla) 

The ColeoplhoHdce are all very small Tmeinro, with greyish 
pointed wings fringed with, long hair Their larvfe live in 
variously formed cases, by which they may very easily be 
identified G, anatipmella appears in July and August, and 



Via 110 .— Oherby-trbb Oasb bbabeb {CoLatpliora wnatipm^a). 
A, Larva In case , b, larva free , o, papa , d, adult. 


lays her ova upon the leaf of the cherry and apple trees. The 
young larvfls soon commence to form a case, which in this species 
19 pistol-shaped, dark-brown with a white border around the 
opening (fig 110, a). In form it is something like a snail-shell. 
The larvae live inside these cases on the leaves, and eat away 
the tissue internally, leaving pale blotches They grow slowly, 
and remain on the stem and boughs of the cherry-trees all 
the winter. The case is so hke the colour of the bark that 
they are then very difficult to detect. The larvsa pupate in 
these cases, and then 'remam closely attached to ,the leaves or 
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the twigs. They move slowly, the larva putting its head and 
three front segments and six legs well out when crawling about. 

Remedies . — Arsenical washes will kill them, but most success 
IS obtained with nicotine , no contact washes have any effect, 
as they are protected by their so-called “houses.” 


The Raspberry Shoot-horei' {Lampronia lutpiella). 

Easpberry shoots are often attacked by the larvse of one of 
the TineinBB. This moth comes out the end of May and in 
June, and lays its eggs in the flowers , 
from these hatch the larvce, which feed in 
the core of the berries, which they leave 
before npe and fall or crawl to the ground. 

They then find shelter and spin a flat white 
cocoon inch in diameter These cocoons 
are generally under the rough nnd of the 
cones, or in cracks and crevices, or under 
atones, &c. In the spring they come forth 
and bore into the shoots, where they pupate 

Bhoot-bobbr q- 

in May. The shoots thus die, especially ma rubieiut), imago and 
the young ones, and wither up. The larva 
is red, with a black head, with the second segment brown 
above, about J inch long. The moth is about J of an inch 
m wmg expanse ; the fore-wings are shiny brown with yellow 
dots, two being large spots on the inner margm and four smaller 
ones along the costa. 

Prevention- — After a bad attack of L ruUella it is advisable 
tp cut back the canes and bum them, and let them make a fresh 
‘ growth next year. Applications round the stocks in the early 
spring, of soot and lime or paraffin and sand, are said to do 
some good poles with the nnd on should always be avoided, as 
they harbour the larves m the wmter. As many larvee ascend 
the cones m spring, smearmg grease over them m March has 
been found useful 
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Another species, Ineurvaria capitella^ or the Currant-horer, 
works on currant shoots and also on the fruit. The moth is dark 
brown with a purplish tinge, witn a pale yellow band near the 
inner maigin of the wing and two yellow spots on the fore-wings 
The eggs are laid in May, in the young fruit, in which the larvsa 
hve until the fruit is destroyed. They then pass out and form a 
cocoon on the wood and in crevices, and remain there until the 
following spring, when they enter the shoots. The larva is green- 
ish, with a red patch on the 9 th segment and black 2nd segment 


The Pear-leaf Blister Moth {GemiostoTna sdtellcL Zeller), 


Amongst the Tineinee are many 
when larvee : some form loug 
gallenes, as the Hose-leaf Mmer 
(Neptiaala anomcdl^a ) ; others 
round bhsters, as seen in the Pear- 
leaf Blister Moth (fig 112). This 
moth appears in May or even the 
end of April, and then again in late 
June and July into August The 
moth has leaden-grey wings with 



Fio 112 — Thp Pbjar-lbaf Blister Moth 
(jemuistoma. soUtUa) 


which tunnel into foliage 



Pig 113— Prar Leaf blistered 
B7 soitdlL 


a brownish-grey streak running from the costa obhquely across 
the wing , two white streaks also run from the costa, nearer 


DIPTERA OR TRUE FLIES. 


223 


the tip, separated by a coppery hand which runs half across the 
wing , beneath there is a black spot with a violet pupil, and 
the fringe has four radiating dark lines, hind wings leaden- 
grey, length J inch, eggs laid under the leaves, and the larvse 
enter the tissue and form the brown circular blisters ; they are 
J inch long with four pairs of curious lateral processes. When 
mature they crawl out and spin a cocoon in crevices in the bark 
and even in the soil. The cocoons are of white silk It 
remams as a pupa all the winter Apple is also attacked, and 
Hawthorn, 

Attacked leaves should be hand-picked. 

A number of TineinEe attack stored com, especially m mills, 
such as the Com Moth {Tinea gramlla) and the Mediterranean 
Flour Moth {Ephestia IcuTiniella^ but they are of little concern 
to the farmer, fruit-grower, and gardener 


DIPTERA, 

OR True Flies. 

The Diptera form the last order of insects with a complete 
metamorphosis They con easily be identified by the presence 
of a smgle pair of wings — the posterior 
or second pair being reduced to two 
club-shaped processes called “balancers,” 

“halteres,” or “poisers” (fig 114). The 
two anterior wings are flat membranous I’m 114 .— halthbh of a 
expansions, never completely covered with 
scales, although they are present in mosquitoes {Cvlicidce) (fig. 
115) and a few gall-flies (Gecidoinyidoe), Hairs are often present 
on the wings, both upon and around them Some Diptera, such 
as the fleas {Pulicidc^^ fig 148, and the Sheep-ticks {Melopliaga)^ 
fig. 146, are entirely apterous. In regard to the mouth parts of 
Diptera there is also much variation some have sucking mouths 
{BomhijUus)y others piercing mouths {Tahanus or the Gad-fly), 
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fig. 126 , in tlie ‘Waible-flies {(Eatnda^ the mouth is rudiment- 



PlQ 116 

A Mosquito (TJicdbaldia aurvulaia), S HaxD of a Mosquito (Piercing 

(Hlnlarged twice.; mouth) 

Ay Hypophajynx , LI, lower Up , VI, 
upper lip , Md, mandible , Ma, maxilla , 
Lp, palpi 


ary, the adults taking no nourishment There is never a sting ; 

flies wound hy piercing with 
the mouth, hut not, as is 
often supposed, hy stmging 
The labium of the mouth 
(fig 116, LI) IS greatly elon- 
gated, and forms a kmd of 
gutter for the reception of 
the lancet-shaped maxillae 
and mandibles. The pro- 
boscis, made up of the 
labium, &c., ends m a ’fleshy 

Fig- 110 — ^Plumed Gnat (Oltironomus n j. i i i 

pinmomu) swollen tongue, and is closed 

above by the lahrum. There 
are no true labial palpi, hut the processes at the tip of the 
labium called labellcB are thought to represent them. The head 




DIPTERA OR TRUE FLIES. 


225 


is largo, and united to the thorax by a very short neck. The 
thorax is large and compact, the protliorax closely united to 
the mesothorax, and formmg a thm collar or two lobes. The 
eggs of flies are usually oval or spindle-shaped bodies, of a 
white or black colour, sometimes laid singly, at others in groups 
The larves are mostly white footless maggots , no true legs are 
ever present Thirteen segments is the usual number present, 
but in some fourteen may be found (fig. 117, a). The head 



Pig. 117 —a, Larva, and d, Pupa of a Ceoidomyia (groatly enlarged). 


may be homy and complete, or may be reduced to a simple 
pair of hooks, the mandibles (fig. 132, n) , the body may be 
naked (fig. 117, a) or bristly (fig. 133, 7). Most are terrestrial, 
but some have aquatic larvte — CuUddcB (Mosquitoes), Ghilro- 
nomidcc (Midges) (fig. 116), and Enstaltdon (Eat-tailed Flies). 
The genera Volucdla^ TacMna^ and Gonops are parasitic in 
their larval stage on other insects ; the genera Hypod&nnay 
GaairopMlue^ CEstrus^ Ducilia^ and Scf/rcophagus, &c., on verte- 
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brates When mature, dipterous larv® may or may not cast 
off the larval skm. The naked pupse (fig 117) are very varied, 
often armed with spines and bristles (fig 124, 5) Those 
that retain the larval skin as a case form so-called “puparia,” 
the true pupa bemg found in the brown case, formed of the 
maggot^s old skm much hardened (fig. 65, a, i. and ii ) 

Diptera are divided into two large sections, the Ortlionhajpha 
and the Gyclmnliapha. The first have their larvse with a dis- 
tinct chitmous head, and their pupse escape from the larval skm 
by a T-shaped rent; the second have no chitmous head, and 
the pupa or imago escapes from the larval skin by a circular 
opemng. 

There are two divisions in the OrtTioirhapha — the Nmna- 
tocera and the Bi acTiycera^ — the former with thread-like many- 
jointed antennse, the latter with antennae composed of two or 
three large basal segments with a multiarticulate bristle (fig 
146, a). Lastly, there are the Pu;pipaYa, which produce their 
young in a fully matured state as puparia. 

There are many flies extiemely harmful to the agriculturist 
and gardener Some carry diseases from man to man and 
animal to animal (Mosquitoes and Malaria, Tsetse Fhes and 
Sleeping Sickness) 

Oecidomyidse, or Qall-Gfnats. 

This family contains only small flies, some of which are 
distmctly harmful, such as the Hessian Fly (Qecidomyta de- 
8ti*uctor)^ the Wheat Midge {Di^losis tritici), and the Pear 
Midge (Dtplosia jpTptvora), The Cecids have very few vems in 
their wmgs, hairy antennce, and often hairy wings The larvae 
are sometimes white, at other times red or yellow in hue, and 
composed of fourteen segments. They always have on the under 
surface, close to the anterior extremity, a curious process called 
the Breast Bone or Anchor Process (fig 116) Many larvae 
form galls, in which they hve, and may or may not pupate theie. 
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The larva mostly change in their old skin, which hardens and 
forms a case or puparium 




Pig 118 —Anchor Procksms. 

1, ArcIiot process of Hessian 
fly , 2, of Wteat midge (Or- 
merod ) 


The Hessian Fly (Cboidomyia dbbtruotor). 

In 1886 there was a gieat scare in Britain concerning this 
pest, which was thought to have been mtroduced from America. 
It was not, however, but is an un- 
doubted native species. The damage 
caused by this midge is very severe on 
the American contmentj but here it 
only now and then makes itself suffici- 
ently noxious to call for special atten- 
tion. The adult fly is a small hairy 
creature, brownish m colour, with pink- 
ish morkmgs on the abdomen in the 
female, much darker in the male. It belongs to the genus 
Cecidomyia, which can be told by the venation of the wings 
shown m fig 119. The small reddish- white cylindrical eggs 
are laid by the female in rows on the leaf of the young wheat- 
plants in May ; the small white maggots crawl down the leaf 
and bury themselves in the leaf-sheath, generally taking up 
their position above the 
second node from the 
ground. Here these httle 
white larvro feed upon 
the sap of the plant, 
and turn to the curious 
“ flax-seed ” stage, in 
which the larva remains in its old skin, which has hardened to 
form the puparium, and which resembles a flax-seed in appear- 
ance The larvaa are at times pale green, at others tinted with 
red In these flax-seeds the larva turns to a mmute paJe-hrown 
pupa. These flax-seeds may remain as such all the winter, or 
tliey may give rise to a second brood of flies. This second 



Fjg 119 — Wing of Obcidomyia. 
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brood hatches out in September, long before our wheat is up, 
and thus have to lay their eggs on other plants, such as couch 
and timothy grass, pupating there in the spring, and then give 
nse to the May brood. The presence of this pest in a field is 
very marked. The straw, as soon as the ear begins to develop, 
bends over above the second node, and looks as if weather- 
beaten, the grain being small, if not spoilt. In America the 
second brood lays its eggs on the young winter wheat, the larvm 
living m the crown of the plant just beneath the ground, and 
causing the leaves to present an unhealthy dark and broad 
appearance, the central leaf usually disappearing. It is this 
method of attack that is the most severe, whole strips of wheat 
being entirely killed by it ; but for obvious reasons we cannot 
suffer from tins form of attack on our side of the Atlantic 
The Hessian fly is most prevalent in the eastern counties of 
England, but may be found all over the south, west, and m 
Yorkshire, &c. A second brood is the exception here, the 
insect passing the wmter in the flax-seed stage, which remains 
very often, if the corn is not cut close, m the ‘‘gratten.” 
Numbers may also be seen in the cavings and screenings from 
the threshing-machme. Wheat, barley, and rye, as weU as the 
wild grasses mentioned, are attacked, but never oats. 

Prevention aiul Remedies , — In those areas where Q desbrudar 
IS very abundant it is well to use the souter-strawed varieties 
of corn, and to burn the stubble after an attack by firing the 
borders of the fields All infested screening should be destroyed, 
aud hght gram, which may often contain the flax-seeds as well, 
given to stock. The Hessian fly is subject to a number of 
Hymenopterous enemies. In 1888 Mr Enock bred from 1694 
flax-seeds 58 more parasites than flies. 

The Wheat Midge (Dipdosis tritioi) 

The Wheat Midge is very prevalent m England, and causes 
persistent loss in corn-growmg districts. It is about the same 
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aize 8S the Hessian fly, hut more delicate in structure, and 
yellow or orange in colour, except the eyes, which ai’e hlack. 
It belongs to another genus, Dtplom, whose characteristic wing 
venation is given m fig. 120. The female fly has quite a long 
ovipositor, and may often be seen m the fields in clouds, flying 
about low down amongst the stalks close to the ground in the 
daytime, when disturbed, but at sunset they come up to the 
ears to deposit their eggs in the florets of the wheat. The 
larvffl are yellowish-red in colour, and feed off the developing 
grains, thus spoiling them. Humbers of larvee are found in 
each ear, and cause a disease generally spoken of as “ red gum ” 
or “ red maggot ” by farmers The larvae mature by the time 
the corn is ripenmg, and many go down to the ground to 
pupate, the puparia being orange - coloured bodies. Others 
which are not full fed 
get harvested, and we 
find them often quite 
abundant m the screen- 
ings. From these pupa- 
ria next J une the wheat 
midges hatch out, and 

continue their noxious habits It is strange, when collecting 
these flies m the field, how few males one ever sees. Eut, on 
the other hand, where heaps of machine rubbish are left about, 
there m June, often hovermg in clouds above the heaps, moles 
and females may be seen tn copuM m equal numbers. This 
pest is not confined to Great Bntam, hut is equally abundant 
in America. From personal observation I find the female lays 
about ten to twenty eggs in each ear at dusk 

Prevention — These flies are very delicate creatures, and can- 
not escape through the soil unless close to the surface, where we 
usually find the red puparia. Therefore, deeply ploughing in 
the stubble in the following way cannot fail to do good — 
namely, by havincj a sknn-coulter attached to the plough in 
such a way that it will take off an mch or so of the surface 
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and turn it into the preceding furrow, thus burying larvse 
and pupuria to such a depth that they cannot escape when 
mature. Another important thing to do is to destroy all 
infested rubbish from the machines, for over those rubbish- 
heaps, as already said, breeding largely tahes place In Amenca 
the plan of not reaping too close and bunimg the stubble 
must also do good. D tntici also feeds on timothy grass and 
meadow cockVfoot. 

The Pbab Midge (Diplosis pyrivora) 

During recent years attention has been repeatedly drawn to 
the loss amongst pears caused by Cecid larvee. The fly which 
gives rise to these was described as Oecidomyia nigra by 
Meigen, but has been redescnbed and named by Professor 
Eiley Diplom pyi'ivora. It is destructive m Amenca as well 
as in Europe Diseased pears become distorted about the time 
they are slightly larger than the size of a hazel-nut, presentmg a 
well-marked appearance by which they can be always detected. 
The fly (fig 121) is a minute midge about the size of the wheat 
midge, but blackish-grey m colour. The female lays her eggs 
in the unopened blossoms, just when the petals commence to 
show themselves Sometimes I have observed them oviposit m 
the opened blossoms, but it is doubtful if the larvee hve. The 
white grubs feed off the upper parts of the young fruit first, 
and by degrees turn the inside black and hollow it out os 
many as eighty larvge may frequently be found in one fruitlet 
The pears are thus completely destroyed. The maggots rarely 
pupate inside the dead pear, which turns black and shrivels 
up ; generally they escape into the ground. The fly is about 
one-twelfth of an mch long and greyish-black m colour, with 
pale-brown antennse, and abdomen covered with pale hairs 
Wings htoy, and halteres yellow, with white knobs. The eggs 
hatch in four to six days. The maggots are creamy-white, 
about one-seventh of an inch long, and commence to reach 
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maturity about the first week m June. They may, I find, stay 
in the dead pear for some time ; but eventually they get into 
the ground, where they form little cells to pupate m AH 
varieties of pears sufiTer to some extent. 

Prevention and Remedies . — ^As far as possible, all infested 
fruitlets should he destroyed, but this is not always feasible. 
A successful preventive seems to be kainit spread under the 
trees after infestation, at the rate of half a ton to the acre 
(Professor J. B Smith). If the kainit is used at the tijne the 
larvfiB are fallmg to the ground, 5 cwt. to the acre is sufficient. 
Eemoval of the soil for some two inches deep and burning it 



Pio 121 — Thh Pear Midoe 

1, Fear stunted <fd malformed by the larvte within It , 2, section of pear with 
larvsQ , 8, larva, mnch magnilled , 4, femalo fly, much rooCTlfl^ Lines show natural 
length of fly and larva. (Prom U.S A. Dept Agriculture ) 


in the winter would do much good where possible, but it is a 
troublesome and risky plan, not to be advised except in very 
local attacks. Poultry, especially hens and their chicks, kept 
in infested plantations is the best method . the chicks devour 
the grubs ravenously. 


The Crdoiter Midge (C. BRASSiOiE). 

Another member of the same family is often injurious to 
turnip and cabbnge seed The larvae of this midge live in the 
seeds of turnip, rape, and cabbage, in the pods. As many as 
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sixty may often be found m one pod, which they cause to turn 
prematurely yellow and to burst. The fly has a black head and 
thorax, pinkish abdomen banded with dark-brown, and black 
legs which are silvery beneath The female has a long white 
ovipositor, and lays her eggs m the young pods. We find the 
larvjB in May and June : they are white, often with a greenish- 
yellow stnpe down the middle. They reach one-twelfth of an 
mch in length when mature, and fall to the ground out of the 
split pod and there pupate, coming forth as the second brood of 
flies in a few days hence. I have found it has three broods at 



Fio 122 — Bibionid^ 

A, Adnlt Bibio maroi, b, larva and pupa of B promonsa. 


times. Little qan be done to prevent its damage, which is often 
severe. 

Numerous other Cecids make their efiFects felt, attacking 
sainfoin, clover, turnips, &c., but space forbids our even mention- 
ing them here. 


The Bibionidas form a family of dark flies with broad bodies, 
short legs, and the tibiae armed with thick spines. They 
frequent damp meadows, and some of the genus Btbio appear in 
great numbers. One species, the Tever Ply (Diloj^Jius febnlts)^ 
sometimes occurs in hop-cones in swarms The larvae of the 
Bibionidse (fig. 122, b) are cylmdrical or fusciform maggots which 
live in earth, decaying stems of plants, and on the roots of 
plants They are mostly saprophytic, but some (Bibio Tiortvr 
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larmSi &c.) are injurious m their larval stage to hop roots and 
those of many garden 
plants. 

Closely related to 
these are the Simuhdae 
or Sand-flies (fig 123), 
which swarm in damp 
places. The females 
attack man, birds, and 
animals, drawing out 
the blood, and cause Pia 128 -a Saot-flt recite 

great irritation. The Unguea and pnlviiu of HlmuUnm . n, of Dlloplma. 

larvm live m running 

water. Poultry is attacked by them in South Africa and also 
in America, where they are also known as Turkey gnat^. 

Another important family in the Kematocera are the 
TipulidsB or Crane-flies, 

popularly called the Daddy-long-legs. Tipulidee can at once bo 
told by their long slender legs, which so readily fall off The 
larvflB are called “Leather-jackets,” and are root-feeders, some 
also hve m decaying wood, and others in water. The pupse are 
armed with bnstles, and are always naked. ' 

The Common Cranb-ply (Tipula oleraoba). 

This female Crane-fly is brownish-grey, with a silvery hue, the 
wings having testaceous veins. The female is provided with a 
sharp conical ovipositor, the end of the male is blunt. The 
female, by means of this tube, lays black spindle-shaped eggs 
m the soil and on the grass near some plants — the greater the 
shelter the more they frequent it, hence we find these jiests 
always most frequent in permanent pastures. They prefer 
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damp spots to OTiposit — in fact, most Tipilides frequent damp 
and swampy places, some larvae living in water, even in brine 
pools The black ova of the crane-fly soon hatch out into the 
larvsB. The adults appear twice a-yeai’, one brood m the spring 
and early summer, the second in the autumn. The larvae of 
the second brood live through the winter, and pupate m the 



Fiq 124 — Oeane fl\ (Txipula oleraaea) 

1 and 2, Male and female , 8, ova , 4, larva , 6, pupa. 


summer. The majority hatch out in the autumn. The grubs 
are called “ Leather-j'ackets ” (fig. 124, 4), on account of their 
tough skin, which is brown and wrinkled. They have a blunt 
anal extremity, which has a few finger-like processes on it 
The roots of practically all plants are attacked by them, and 
are so eaten away as to kill the plant The pupae are brown 
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(fig. 124, 6), and provided with circles of spines, the head has 
two curved horns (palp cEises). We find them m the ground, 
forcing their way up when ready to emerge by means of the 
spines, until half the pupal case projects out of the earth, when 
the shell splits and the fly escapes, soon to deposit fresh ova. 
Other species, as the Spotted Crane-fly {Pachyi Imici maculosa^ 
TtpuLa jpaludosa, T, lateralis), also cause loss. 

Prevention and Remedies — Gas-lime is very injurious to these 
grubs, and may be well employed on land when it is infested 
with “Leather-jackets.” It is especially valuable put upon 
mould and leaf-heaps, where crane-flies lay their eggs abun- 
dantly, as a preventive of oviposition. The drainage of damp 
land often checks their presence. Brush-harrowing grass land 
when we see the flies about is advantageous, as it disturbs and 
crushes the eggs laid by the female. It is said that the larvte 
come out on to the surface at night, and that rolling with a 
Cambridge ring-roller then does much good by crushing them 
Naphthalene and vaporite I have found fatal to them — the 
former used at the rate of 3 cwt to the acre Birds are the 
great natural check of this pest, those that are beneficial being 
mentioned m another chapter. 

WiNTBR-GNATS (TRiaHQOBBA HIBMALIS AND T REGHLATIONIS) 

These delicate httle Tipulidae (fig 125) are found dancing in 
the air in clouds in the wmter months whenever the weather is 
worm. They are brownish-grey, with four brown stripes on the 
thorax, T, Tviemdlis having spotless wings, while T. regelcdionis 
has a dark spot on each wing at the cross veins The larvie 
live m rotting turmps, they are cyhndncal, and taper to a 
point at the head end, about half an inch long, and dirty 
greyish-yellow in colour They need no further comment, ex- 
cept that they may be generally looked upon as useful insects, 
helping the speedy decay of roots, &c , m the soil Now and 
ogam, however, they are said to attack sound plant tissue. 
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Amongst the Brachycera are some of great importance : only 
one group can he mentioned here, namely, the 

Gad-flies or Tabanldse. 

Gad-flies are large flies with a flattened body and large broad 
head closely united to the thorax (fig. 127, c). They are all 
provided with a sharp piercing mouth (fig. 126, b), with which 
they suck the blood of man, horses, and cattle The females 
are especially bloodthirsty , the males feed off the nectar of 



Pio 126 . — Winter Gnats {THciiooffra) 
li 2, Larva of T lixstnaLia, 8 , 4, pupa , 6, 6, Imagines , V, nut. aUe. 

flowers. The larvae (fig. 127, d) live in the ground, and are 
carnivorous in habits. They are also known under the names of 
Horse-flies, Breeze-flies, Seruts, and Brimps. There are several 
species very common in Britain, notably Hc&matopoda pluviciUs, 
Qhrysops ccecuUens^ Tabarms hoviniba^ and T, auturrmalu. The 
first named is about half an inch long, whitish-grey, covered 
with pale dull hairs m the female, dark-grey in the male, wings 
mottled grey. The last two are especially troublesome in the 
Hew Borest, where they often tease horses severely jT. hovinus 
IS frequently called the Ox Gad-fly ; and some specimens reach 
more than an inch in length. In colour the male is dark-brown 
on the thorax, with five pale stripes, and pale yellowish hair; 
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abdomen reddisli-brown, with a black central line and tip, and 
with a pale spot m the middle of the posterior borders of the 



Fia. 126 —A, Hdad, and b, Frobosois op Tabandb autummalis 
(After Uolofoiicl ) 

a, Anteniift; p, maxillary palp, t, proboscifl; s, mandibles and maxIUee, Is, opl- 
pharynx, la, liypopliorynx , ii, labium 

first to the fifth segments; the under-eide of the abdomen 
orange colour. Eyes green Wings yeUowish-brown, veins 



3 ) 

Pig 127 —Ox Gad-fly (Taianvs bovintu). 
a, Imago , d, larva, s, pupa 


yellowish in places. Legs dark-brown, except tibia, which axe 
yellowish-red. The female has a curious coppery sheen over 
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tile green, eyes, and the abdomen is flatter than in the male. 
An allied species, called T sudeticus^ is often mistaken for T. 
hovinua, but can at once be told by the eyes being brown, with 
a coppery sheen. T autumnalia is also common • it is much 
smaller than the above, not much larger than five-sixths of an 
inch in length , its general appearance is grey, the thorax having 
five grey stripes ; the greyish-brown abdomen has three rows of 
paler grey spots, the central one somewhat triangular. 

Chrijhops cceouttenSy or the Blindmg Storm-fly, is about half 
an inch long, body with black and yellow markings Eyes 
golden green, with brilliant purple spots and Imes; wmgs 
black, with pale spaces in the male ; transparent, banded with 
black in the female. It is a most vicious biter. As far as is 
known, they aU feed m their larval state' in the ground, and 
amongst wet decaying vegetation, in wet sand and soil generally. 
The larvas are long cylindrical grubs, yellowish-white in colour, 
with darker transverse bands ; they are somewhat enlarged in 
the middle, and change to naked pupra (fig 127, e) m the soil. 
The adults come forth much m the same way as the crane-fly • 
these immobile pup® can be told by the six spines on the 
last segment (m Tabarms homnm). Tlie eggs are laid m com- 
pact masses, on plants and stones, where the larv® can fall on 
to soil, &c, suitable to them. The Tabanid® are chiefly 
abundant in well- wooded places, especially where water is near. 
The warmer the day the more ravenous and bloodthirsty the 
females become — at least that is my expenence in Norway and 
Switzerland, where animals suffer much more from them than 
they do even in the New Eorest Tahanid® can produce a loud 
buzzing noise, and fnghten stock, just as do the Warble-flies, 
hut the noise made by Tabanid© is much sharper than the dull 
hum of the Qi^trid®. In tropical countries they are great pests, 
and some are known to carry disease 

A plan to keep these pests off horses that I have seen 
employed m the Bernese Oberland is to dress the horses over 
with parafi&n-oil and soap, rubbed with a sponge, and also -with 
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walnut juice Miss Ormerod mentions soluble phrenyl as useful 
in one of her reports, but at present no substance is known that 
has any great effect in this direction, for none remain efficient 
for any length of time 

Other flies belonging to the section Gijdorrhapha are divided 
into the Prohoscidea and Eprohosctdea. The Proboscidea con- 
tain the majority of flies, the following being some important 
economic groups . — 

Hover-flies, or Syrphidse. 

The SyrphidsB are all moderate-sized flies, often brilliantly 
coloured, generally with banded bodies, yellow or white and 
black or brown being the predominating colours They hover 
in the air hke a hawk, suddenly darting off and again remain- 



Pia. 12b ^IIovsR-FLiEs {Syi'phUliv) 

1, Syrj]hu8 hilteatus, 2, larva devouring nplila, 8, pupa, 4, CutabovdM 6, 

larva , 6, pupa , 7, SyrphtLs rihealL 

ing hovering at a fresh spot We only see them in the bnght 
sunlight, and may notice them flying and hovering over plants, 
upon the nectar of which the adults feed At other times we 
see them busy over colonies of Aphides, for here they deposit 
their eggs, their curious, almost repulsive-looking larvm (fig 
128, 2 and 6) feeding upon plont-lice, which they devour with 
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great rapidity. The larves are yellow, green, or red in colour, 
■with a narrow anterior extremity, and are leech-hke m move- 
ment They pupate on the leaves where they have been feeding 
in sac-shaped cases or puparia (fig 128, 3 and 6) The typical 
genus 18 Syrphus, of which there are a great number of species. 
Moat have hroadish fiat abdomens, often almost transparent, 
with yellow and block bonds, and extremely delicate pale- 
colonred legs. S, 'inhesii and 8, haZteatm^ and the black and 
white Gatahomha ipyraatH^ are perhaps our commonest species 
livmg on plant-lice Some also feed on Scale insects {pocaidce). 

Other genera are parasitic (yolucella)^ living in the nests of 
Humble-bees ( V, hombylana) and Wasps ( V, zonana\ and mimic 
the colour and appearance of the insects they live amongst. 

Warble-flies, or (Estridse, 

This family of flies is most obnoxious to our domestic and 
■wild mammals, upon which they live as parasites durmg their 
larval penod Some also live upon man. The larvBB are called 
“bota,” and live under the skm, in the head, and an the 
stomach and intestines of animals. The most injurious species 
are the Ox-warbles {Hypoderma hovis and H, lineatd)^ the 
Sheep Hasal-fly {CEstrus ovzs\ and the Horse-bota (Oasti^qpliiliLS 
eguij G. nasdlisy &c.), which we will deal with in the above- 
mentioned order. 

Ox-WARBLBS OR EOT-PLT (HyPODERMA BOVIS AND H. LINBATa), 

These two species, which are very similar m appearance, at 
one time caused serious loss amongst beasts . the annual amount, 
according to Miss Ormerod, was something hke ^7,000,000 
But, thanks to her great energies, this serious malady was 
checked for a tune : it still does a great amoimt of harm The 
Ox-Warhle fly (fig. 129) is hke a small hairy humble-bee in 
appearance, gaily coloured with ttiick hair of yellow, black, apd 
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red bands on the abdomen, and with yellow and black marks 
on the thorax. The head of these QEstridfe is large, but the 
month IS very rudimentary, The Warble-fly itself cannot bite 
like the Gad-fly; it pursues the cattle to lay its eggs. The 
Ox-Warble fly appears in the summer from June to August and 
September, delightmg in hot still days, 
when we can hear its low dull burr in 
the air It is quite a mistake to fancy 
the Warble-flies make no noise. I have 
frequently heard the low hum produced 
by (Estru& ovis, and taken the insect on Fiq 12^0 — Ox-Warbtb Flt 
the wing. The ox-pest lays its eggs on 
the hair of the legs and more rarely flanks, and it is these eggs 
that hatch into the so-called '‘Ox-bots” (fig. 130) At first 
the young larvas are white and thread-like. They are some- 
times also red when examined in this condition. For some 
little time they show no signs of their presence externally, 
but a few months later a small swelling appears 
over the “hot.” After the larva has moulted 
a second time it becomes banded with pnckles, 
which cause irritation and mflammation of the 
immediate surrounding parts, and thus the swell- 
ing or “warble” is produced. We notice these 
outward signs of attack commg about January 
The inflammation set up by the hot produces 
matter, which eventually causes the warble to 
burst at the top, a small round orifice appearmg 
The “botflies beneath this, in a cell formed in 
the hypodermal tissues, and when full grown 
squeezes its way out and falls to the ground, where, wriggling 
under some tuft of grass or stone, it pupates in its old larval 
skin II. Uneata is much like H. hoim^ but somewhat smaller 
The small maggots on hatching enter the skin and wander 
about until they eventually reach the back or flank. At one 
time they were supposed to be licked up by the cattle and enter 

Q 



Fia 180 — Ox-BOT 
(Enlarged ^.) 
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vtd the mouth, but' Carpenter haa recently shown that muzzled 
calves become parasitised, and has traced their direct entry close 
to the egg 

Prevention and Treatment . — Smearing the back and loms of 
beasts with some greasy substance, such as cart -grease and 
paraffin, was recommended As the flies lay their eggs on the 
legs it is not surprising that this did little good. Smeanng the 
legs and flanks, however, is likely to he beneficial. As 'Warble- 
flies are very susceptible to changes of temperature, and will 
not enter shade or pass over water, giving the cattle shelter 
either of trees or rough hovels in the meadows, or turning them 
where they can run to water for protection, is advisable. 
Eemedial measures consist of destroying or extracting the larva 
from the warble. Mercurial ointment is one remedy ; a small 
piece rubbed into the warble when it haa just opened will soon 
destroy the grub, jand allow the wound to heal up. ITot only 
does the ointment kill the larva by blocking up the air-pores or 
spiracles, but it destroys the grub in the cell , but it should not 
be used in great quantities. Cart-grease and M‘DougaU’s smear 
have similar effects, but are not nearly so certain in results. 
There is notbmg like the old plan of squeezing out the maggot 
and killing it at once, before the warble has become too old. 
There is no substance yet known that will last sufficiently long 

to keep the flies off their legs, 

•• 

■% 

The Shkbp Nasal-fi^s^ (CEbtrus ovis). 

Sheep are often seen shaking their heads and stampmg on the 
ground, at other times running about with their noses to 
the grass. These are symptoms that (Estrus oiris is about, rea'dy 
to deposit its eggs or young The fly appears in the summer 
it IS a dull-coloured insect, which we often see in sheep districts' 
at rest at dusk, and in cold weather on the sheep-pens and 
hovels near the sheep The female may deposit bving young 
or ova on the sheep's nose, and the maggots crawl up the 
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mucous membrane and some enter the sinus of the head. The 
majority live in the nasal passages, and when matilre are 
thrown out on to the grass during one of the violent fits of 
sneezing that they often occasion by the irritation of the 
mucous membrana The pupana are found, like those of the 
ox-bot, beneath some shelter on the ground. Many of the 
hots in the sinus cannot escape, and thus die. On one occa- 
sion the author extracted from the cerebral hemisphere a larva 
of the fly, it probably having entered through the cribriform 
plate of the ethmoid bone ; in another case one was found m 
the trachea. Sheep when suffering from this pest shake their 
heads and wander restlessly about, and present some of the 
symptoms of Sturdy The disease for this reason is called 
Talse-Gid, it can be told from true Gid {Gcenums cerdiralia) 
by the copious mucous discharge from the nostrils, and the 
absence of that rotatory movement seen in sheep suffering from 
Sturdy 

Pr&DGntion and Treatment consist m warding off the fly 
attack by either placing some substance on the sheep’s nose 
every now and then, such as strong smellmg oils, removing 
them for a year from pastures that are known to be con- 
tammated with the puparia, and placmg salt in tarred boxes, 
so that the sheep get the creosote on their noses whilst 
licking the salt., 

Thb Hobse-bot (Gastrophilus equi) 

The Horse-bot Fly (fig 131) is brownish-grey in colour, has 
mottled brown wings, and appears much about the same time 
as those just mentioned The eggs (a) are quite large objects, 
laid on the hair of the horse at the knees and shoulders. It 
seems that at the same time as the female lays her eggs she 
places some irntatmg substance on the skin, which causes the 
horse to lick the spot. The warm breath is said to hatch the 
larva, winch attaches itself to the tongue and crawls down the 
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Fiq 131.— HonaB-BOT Ply (fftwiro- 
pMXua eqm) (aUghtly anlai^d) 

Aj Ova, enlarged. 


animars throat, taking up its position in the left or cardiac 
portion of the stomach (the white half) The life-hiatory does 
not seem to me to he defimtely known, for we do not find 

small hots in the stomach The 
hots congregate and hold on to the 
mucous membrane by their two- 
hooked mandibles until mature. 
They are pinkish - white barrel- 
shaped larvsB, with circles of spmes 
(fig. 132, a) Wq see them some- 
times sticking round the horse’s 
anus. From six to nme months 
are passed m the horse’s stomach ; 
when maturity is reached they pass out md the intestmes to the 
exterior in the faeces, pupating in a puparium case on the 
ground, like H horns and 65/ om 

Prevention and. Treatment — Well- 
groomed horses seldom suffer from this 
pest, because the eggs are detached by 
the “curry;comb” Farm-horses in dis- 
tricts where G. egui is abundant should 
have shelter from the sun during the hot 
part of the day , and those m use should 
have their knees and shoulders dressed 
with salt-and- water and some deodorant, 
to deter the fly from ovipositmg. Salt is 
said to be good, but how it works is 
Tartar emetic in two- 



Pio 182 — Labva. of 
Horse-bot Ply, 

A, Horse-bot; B, end of unaccountable, 

pupoiium , o, spiracles Bt , 

anal end of bot , D, hooked uracmn doses every day for ten days is 

lOfijidlbleiS _ , •; 

said to clear the “hots” out of the 
stomach. Other species, such as G. nasdlis and G, hcemorrhoi- 
dalis^ live in a similar way 


Several other “ bot-flies ” occur in Britam {HypoderTna diana 
and Ge^henomyia rufiharhis, both on deer). Man is attacked 
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by Hypod&nna linearis and H hovis m Europe and America 
(so-called Creeping Disease), and by the Dermatohia cyaniveniriSj 
or the Torcel Fly, m S, America, and by others. 

Boot-eating Flies (Anthomyidss). 

The Anthomyidsa include a great number of flies which are 
all more or less dull m colour, and covered with many bristles 
and hairs. Their larvae are white footless grubs, which taper to 
a point towards the head end, and are blunt at the posterior 
end. Several are very injurious to crops. No full description 



Fig 138 — Root-katu»q Fltbs. 

1, Larva otPhorhia hrasBioce^ 2 and 8, puparluin of i* brasaicai, 4 and 6, A radicum, 
6 and 7, larvaa of HomaZomyia , 8 and 9, Momalomyia ap (7) 

of the adults will be given here, as they are all much ahke : 
only specialists are able to identify them with any certainty 
The larvsB hve m the roots of plants and set up decay. The 
most important are the followmg: the Onion Fly {Phorlna 
cepeioiiim) , the Cabbage-root Flies (P hrassicai, A radicwm^ and 
A. floralis ) ; and the Wheat-bulb Fly (Hyleumjia coarctcdd) 

The Onion Fly (Phorbia oepetorum).^ 

One of the most serious difficulties the onion-grower has to 
contend with is the Onion Fly, whose larvae cause the maggot 
^ Also known as Bylemyia antiqua. 
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in onions and their speedy decay. The onion fly is an ashy- 
grey fly with black bristles and hairs, and with three black 
stripes on the thorax , the abdomen has a row of large black 
spots along it , the face is silvery-white, and the antennsa are 
black, the female has a yellow face, and is generally more 
ochreons in colour. The onion fly appears in April and May, 
and has several broods dunng the year. The female lays her 
ova near the young onions, and later on in the year on the 
onion itself. The young maggots at once eat the young onion 
below ground, and later feed inside until the onions are quite 
hollowed out. Some plants are killed rapidly, but large onions 



Fig. 184.— Onion Fly (PAorJia (xpetorm), 
a and Larvaj nat ai^e, and magnified , c and d, pnx)arla ; e, Imago. 

remain some time in a diseased state. “When young onions are 
attacked the maggots pass rapidly along the row When an 
older onion is destroyed, if the maggots are not mature they 
leave it and also pass to the next onion through the ground 
Pupation takes place in the ground, and in the decaying onions, 
— ^the pupa is in a chestnut-brown puparium case, as m all the 
Prohoscidea. At the end of the year the larvae of the last 
brood all pupate, and pass the winter as pupana in the ground, 
some few being harvested with the omona. We frequently 
turn up the chestnut-brown puparia m the winter, when digging 
the beds over. The presence of omon fly can at once he told 
by the leaves becoming flabby and turning yellow. When we 
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try to pull up the onion the leaves come off in the hands, the 
plant being rotten. This rot is set up primarily by the onion 
maggot, secondarily by fungi, bacteria, and damp attacking 
the weakened bulb. 

Preveniion and Ref}ii'iedie8 , — ^Applications of soot over the 
young plants to ward off attack Pulling up diseased plants 
and destroying them with the enclosed larvee Watering 
around the young onions with paraffin emulsion. Early sowing 
of seed, so as to get the plant well up before the fly comes. 
Lightly earfchmg-up the rows, so as to prevent the fly from 
depositing her eggs : the larvee cannot crawl far, when young, 
and thus die from want of food. Sprinkle common washing- 
soda along the sides of the young plants, or hoe in vaponta 
The best plan in gardens is to plant out onion “sets” or to 
sow the seed under glass and transplant. 


Cabbage-root Plies (Phoebia brassioe, &c.) 

Cabbages and turnips are often attacked by the larvee of the 
above, — small white grubs, cylmdncal in form, tapering to a 
pomt towards the head 
end like the onion mag- 
got These grubs may 
produce swelhngs or 
galls on the roots of 
cabbage, and tunnel in 
the lower parts of the 
stalk; these galled parts 
decay m wet weather, 
and not only stop the 
plants from growing but 
often kill them outright 
They go on appearing oil the year, there being a number of 
successive broods. When the larva is full grown it leaves the 
plant and turns to a brown puparium in the earth, speckled 



Fm 185 —The Oabbaqi-boot Fly (FhorUa 
braosUce) 
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With dark'browiL We find maggots m the very early spring 
as well as puparia. The Cabbage My (P, hrasaiccB) is aahy- 
grey, and hatches from the puparium m about three weeks . 
the male has a black stnpe down the abdomen and three on the 
thorax The fly galls on turnips must not be confused with 
those of the Turnip-Gall Weevil (QeutorTiynchm sulcicollu). 
The Raddish Fly {A floralis) has a spiny maggot ; A radicum 
(fig. 133, 4), a yellowish grub with two black pomts at the end 
of the tail. 

Prev&niion and Treatment — Little can be done when the 

grubs are once installed 
in a plant. Where cab- 
bages are grown year 
after year on the same 
land, the soil is sure to 
become contammated 
unless cleaned annu- 
ally ; for this gas-lime, 
naphthalene, or vaponte 
is recommended Dib- 
bling in the plants with 
a little soot and lime is 
a good deterrent; and 
broadcasting the same 
over young plants not only keeps off these flies but sings as 
well All the diseased cabbage stalks and roots ought to be 
burnt, instead of being put up in heaps to rot, when many of 
the grubs will escape and pupata Felt discs are sometimes 
used, as shown in fig. 136, to prevent egg-laying. They can 
now be purchased cheaply from the Laran Felt Works, Belfast. 

Wheat-bulb Fly (Htlemtia ooarotata). 

The Wheat-bulb Fly is chiefly harmful in the Fen districts 
to wheat, but occurs in many other parts. It is said to be 



Fio 186 ~Cakd disc to pbrvemt Boo-ultino 
OF Oabbaoe Fly 
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most destructive on land fallowed in the previous summer, and 
where the crop has been so thm as to expose the land (Ormerod). 
Others record that it is worst after potatoes. The Wheat-bulb 
Fly lays her eggs in the young wheat, the larva livmg in the 
centre of the plant The grub is white in colour, and can be 
told by the curious processes at the tail end. These larvae are 
found m April destroying the young plant . they he lengthways 
up the plant, and reach from one-fourth to ono-third of an inch 
in length The pupana are found m May, from which the fly 
comes out in July. The imago is very like the Onion Tly : the 
thorax is grey, with pale sides and with stripes above , abdomen 
ashy-grey with an indistinct dorsal 
stripe , legs black with pale tibiro , 
abdomen hairy. The female is 
entirely ashy-grey, posterior and 
middle femora and tibiae pale The 
attack often follows on fallow land, 
and it has been noticed to occur 
after the land has been dressed with ^87 —Whbat-btji® Fly 

lAiva , 0, pupaxium 

pond mud. Probably couch-grass 

harbours this fly Where it is prevalent, as in some Fen 
districts, the seed should be sown thickly, and the attacked crop 
given a goo5 dressing of artificial manura 

The Mangold Fly (Pbgomyia bbt^)^ 

Amongst the pests common to Mangolds and Beets this 
fly 18 perhaps the most important. The fly is an ashy-grey 
with black bristles, very similar to the Onion Fly in general 
appearanca It occurs as early as May, when it deposits 
elongate white eggs (fig. 139, a) on the under-surface of 
the mangold leaves, even on the cotyledons these ova are 
usually placed in groups of two, three, or four, close to- 
gether, each egg being sculptured hexagonolly. In a week 
^ Now shown to 1)0 P. hyoicyami* Panzer 
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or ten days they hatch into small white maggots, which 
"burrow into the soft mesophyll layers of the leaf there these 
footless gnihs live for four weeks, forming first a small pole- 



Fio IBS. — Mangold Fly {Pegomyia hetce) 

1 and 2. Male, nat size, and mag , 8 and 4, fbmale, nat size, and mag ; 6 and 6, 
larva, nat. size, and mag , 7 and 8, paparlnm, nat. size, and mag 

green patch, which gradually grows into a white and then 
brown blister When held up to the light the maggots can 
be seen within. On reaching maturity they mostly fall out 
to the ground, where, as in all this group of flies, the skin of 



the larva hardens and forms a brown puporium, as soon as the 
larva has pushed its way an inch or two under the soil In 
the summer the fly comes forth m about two weeks. The 
average life-cycle is stated by Cameron to be thirty-six days 
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There are many generations in the year : the last all turn to 
puparia, and remain as such m the soil and in the decaying 
leaves all the winter. The attack is sometimes very senoua, 
especially when the ova Eire laid on very young plants after 
they have got into rough leaf. If the brood comes when only 
the cotyledons show, then the maggots die, as the seed-leaves 
shrivel up. Sugar-beet is also attacked. It also hves on 
Belladona and Henbane. 

Brevmliion and Remedies. — There are three points worth 
mentioning : first, the destruction of wmter puparia by the 
usual methods of deep ploughmg , secondly, the application 
of some stimulating manures to the attacked crop, especially 
nitrate of soda ; and thirdly, spray mg, where a “ strawsoniser ” 
can be used, with paraffin emulsion. There bemg many genera- 
tions, we should try and kill the first. 


Bamilt OHLOROP11)u£. 

The Gout Fly (Chloeops t^eniopus) 

In poor land barley may often be seen stunted and swollen, 
and unable to burst its way out of the ear This pecuhar 
appearance is called “Gout,” and frequently causes a serious 
deficit in the crop. This swollen diseased state of the plant is 
produced by a small fly belonging to the Chloi^oindoe, called the 
Ribbon-footed Com Fly or Gout Fly {GMorops tcmiojpus). It 
is a small fly about one-eighth of an inch long, thickly built , 
the thorax is yellow, and has thiee dark blackish-green stripes 
on it ; the abdomen is greenish-brown with dark bands acrpss 
The female lays her eggs separately, one larva sufficing to pro- 
duce this gouty appearance She deposits them on the barley 
plant just when the ear is still m the sheathmg leaves, either 
within the leaves or so that the young larvae can speedily enter 
The larvae first devour some of the developmg gram on one side, 
and then commence to tunnel down the stem to, the first node, 
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forming a small black passage in which the grub turns to a 
yellowiah-brown puparium From this there appeal's a second 
brood of flies, which deposit their ova on vanous wild grasses, 
and pass the winter m them. That is the reason why we 
always find this gout attack most marked round the borders 
of the fields and along the grassy headlands, and any rough 
grassy ditch running across the land. Sometimes the plant is 
sufficiently strong to come out of its sheathing leaves, and then 
we can detect its presence by some of the grams having gone, 
and by the black tunnel extending from the ear down to the 
first node. 

An Ichneumon (Cceliniv^ nigor) attacks the Gout Fly larva 
(fig. 140, 4 and 4a), also a small Pteromdltis described by Curtis 
QB P. mtcaTis, 

Prevention and Rernedies , — Early sowing is one of the best 
preventives, and the apphcation of stimulating dressings to the 
crop so as to carry it along. Mowmg down the rough grasses 
round the headlands, (fee , in the winter and burning them will 
kill numbers, for they are found breeding in such places in the 
winter and also hibernating as adults there. 


Family OSOINIDJE. 

The Frit Fly (Osoinis frit). 

Oats are often seriously mjured past recovery by a small 
larva in the centre of the plant. The disease is spoken of 
as “ Botley ” or “ Potley ” Oats. This is the larva of a small 
black fly, the Frit Fly, which belongs to the family OsdnidcB 
We notice this pest by the young crop withering away m 
June. Generally speakmg, the Fnt Fly damage can be re- 
paired if taken in time. Barley is attacked on the Continent 
as well 08 oats, but in Britain only the latter suffers. We can 
early detect its presence by the central leaves here and there 
turnmg brown or reddish-yellow, and on examination a small 
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maggot will be found in the shoot. The Frit Fly is a small, 
black, shiny dipteron about one-eighth of an inch m length 
The eggs are laid by the females of the first brood upon the 
young oats, and the maggots coming from thefee hve m the 



Pig 141 — .Thb Pkit Ply (OsoinU fHX). 

Ot Adiilt , larva , o, papariom (all enlarged), d, young Infested plant. 


heart of the young plant. ,The larvse are cylindrical, white 
grubs, one-eighth of an inch long when mature, and have a pair 
of branched spiracles projectmg on each side near the head, 
and two other tuberculate spiracles on the tail They pupate 
in the outer dying leaves, ag , small reddish-brown bodies, from 
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which the flies come from the end of June to the end of July 
The second brood after hatchmg out sometimes attacks the 
com, laying its eggs m the ear. One instance of this attack 
m barley has come to my notice in Bntam. The later hatched 
ones hve as larva in wild grasses, and having matured are ready 
to attack the oats in the sprmg This disease is often found 
combined with an attack of Tulip Eoot {TylencJiu^y p 80. 

Pievention and Remedies . — In some cases where the whole 
crop IS badly attacked it is advisable *to plough it up. Should 
this be done, it is important to plough m as deeply as possible, 
so as to effectually bury the insects, which speedily hatch out. 
If on the first signs of attack we use stimulating manures, we 
can still get a good crop, the healthy plants tiUermg out over 
the space left by the dying ones. 


Family PSILIDJB 
The Carrot Fly (Psila Bosia). 

Every one who takes an interest in the garden knows the 
diaease called “ rust ” m carrots. Eust is due to the larvae of 
one of the flies belongmg to the family PsUtdce, The Carrot 
Fly {Psila rosoe) (fig. 142, 7 and 8) is a small fly less than half 
an inch m expanse of wings* of a shiny metallic green colour, 
with a large yellow head, black eyes, and yellow lege, the 
wings are iridescent, and the vems yellow. The flies appear 
about the time the young carrots are up, and lay their eggs 
close down upon the plants; the young larvee coming from 
them are long pale yellowish maggots pointed at the head end. 
They are white when quite young, and at once eat their way 
into the carrot, where they tunnel about at first under the rmd, 
then internally, and cause rusty patches to appear over their 
abode. The tip of the carrot is often first attacked. On 
pullmg up a carrot showmg outward signs of this attack, one 
may find several of these larvae half out of the carrot (fig 142, 
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3 and 4) ; but they do not come nght out until they are ready 
to pupate, when they leave the tunnels and metamorphose in 
the ground The brown sausage-shaped pupana (6 and 6) are 
long and cylmdrical and somewhat wnnkled; from the pupa 
inside the fly hatches in about three weeks. There are severed 
generations in the year — at least three according to my observa- 
tions. The grubs may be found at aU times, from May until 
the carrots are lifted. When “rusted” the carrot leaves turn 
prematurely yellow and red, and thus clearly indicate the 
presence of P roam These flies are undoubtedly attracted to 
, the young carrots by their smell, as we find in Onion Fly, 



Fio 142 .— Oaehot Ply (Vslla roaffl). 

1 and 2, Larva, nat size, and mag ; 4, rusty carrot . 8, enolosod larva , 5 and 6, pu 
parlum, nat size, and mag , 7 and 8, Imago, nat. size, and mag 


Turnip Flea, &g. It is especially after thmning that the carrots 
get blighted, and this for two reasons — first, we bruise the 
plants in thmning them, and thus release the smell; and 
secondly, by loosening the earth around we expose the carrots 
more readily to the fly. We should remember in all these pests 
that the eggs must be laid on or very near the plant, as the 
young larvBB cannot travel far, 

Piev&rvtion and Remedies , — ^When thmning la necessary, we 
should broadcast over the plants sand or ash in which a small 
quantity of paraffin has been mixed, about a pint to a bushel 
of sand. This destroys the smell, fills in the crevices, and 
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stops oviposition. If possible, it is advisable to sow the seed 
sufficiently thinly, so as not to necessitate thinning until late m 
the season. Purifying the beds in winter with naphthalene, gas- 
lime, or vaporite is also valuable as a preventive of future attack 


Family TRYPETH)^. 

The Chlhry Fly (Aoibia hbraolbi). 

The bbatered leaves we see so often on celery and parsnips 
are caused by a small fly which belongs to the family Try- 



3 




Fig 148 — Oelbrt Flt {Adldia AflracZc£). 

1, Imago , 2, loxra, mag. , 8, pupa, nat. size ; 4, leaf mined by lams 

'petidcB — flies which have mottled or ornamented wings. On 
examining a blisterj we find, within, one or more white larvae 
feeding on the soft mesophyll layer between the hpperj and 





268 


DEPrEBA OR TRUE FLIES. 


lower epidermis, thus clearing out the green mass of the leaf 
and leaving behmd a pale blistered patch. The grubs are the 
larvae of the so-called Celery Fly, which is a small pale-brown 
fly, with wings mottled with dark brown, and with green eyes 
It lays its eggs on the celery loaf, and the young larvae at once 
burrow mto the interior They ore found hovering over the 
celery plants as early as April, but the majority come out in 
June. The pale blisters become brown, and mside these 
diseased spots the white larva may turn to a yellowish 
puparium. There are several generations in the year. Some 
pupana are found in the earth, especially durmg the winter 
months The larvse go on working in mild wmters as long 
as the celery is in the ground They must not he confused 
with the Celery-stem Maggot, PiopMla aim, although the A, 
Tieracl&i larva has been found m the celery stalks. 

Prezention and — As we find the pupana m the 

leaves and in the ground, we must try to get rid of them 
in both places, and so effectually stop their increase The 
leaves should he burnt and the beds dressed with gas-lime 
in the winter, as after all attacks of garden pests. Spraying 
the young celery plants with tobacco wash, every now and 
then in the summer, keeps off the fly The old plan of 
pinching the leaves that are blighted cannot be advised, as 
the leaves get ruptured and the sap pours out, and thus more 
damage is done than by the larva 

Young celery before being set out should bo kept in bright 
weather covered with mushn, so as to stop the flies from 
laymg their eggs. 

The Asparagus Fly (Platyparea pcbciloptera) 

This fly, somewhat similar to the Celery Fly, appears 
from April to July, and lav'» its eggs beneath the scales of 
the asparagus heads as they appear above the soil, or in 
the neighbourhood of the leaves of the tall stems when 
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about to flower The fly has glossy brown head, thorax, 
and legs, and the antennsB and face yellow-brown; abdomen 
black-brown and four paler transverse lines ; the two wings 
have two dark brownish zigzag stripes , both male and 
female are hairy. The larvae bore mto the tender shoots and 
young stalks and feed downwards, making yellowish tunnels 
inside. Pupation takes place from June to August. There 
may be two generations. Winter is passed as pupee in the 
stems underground. Affected shoots are stunted and brown or 
yellow, and rot below the ground Affected stems also show a 
bluish colour. The maggot is roundish and, as in all flies, foot- 
less, shmy, and yellowish 
m colour; two dark hook- 
jaws at the dark head end, 
and at the darkened tail 
end are two hook-shaped 
processes , they reach half 
an inch long when mature 

The pupa is harrel- 
shaped, dark yellowish- 
brown, with a short 
anchor-hke double hook at 
the posterior end. 

Treatment . — It is said \ 

TaBcneuberg } 

that if rods dipped in any 

sticky substance are placed about the flies are caught Sprinkle 
the tops of the shoots when dew is on them with charcoal 
Cut all mjured stems in summer, and all attacked dry stumps 
in winter should be dug up and burnt 



Fig 144 — Tub AsPARAoua Fly (Platyparea 
poioUloptera) 


Family Mn 60 ID.£ 

Thh House-fly (Musoa dombstioa). 

Although the House-fly is not an agricultural pest, yet it is 
sufficiently obnoxious to allow a few Imes to be devoted to it. 
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The House-fly {M domeaticd) helongs to the family Muscidse, 
a family that contama the Blue-bottle Flies (Ccdliplwra) and 
Green-bottle Flies (Luczha), as well ajg the dreaded Tsetse-flies 
of Africa (Qlossince), 

This household pest is found m all parts of the world near 
habitationa The adult house-fly is ashy-grey, more or less 
ochreous at the sides in the male, ashy-grey in the female j 

a 



head black between the dull-reddish eyes, which are surrounded 
by a shiny white circle, and the face is the same colour; the 
grey thorax has four black lines upon it, and the legs are rather 
slender and black. The life-history of this spCcies may briefly 
be summed up as follows : The flies lay their eggs in putrid 
and decaying substances, human fseces, spent hops, &c, but 
especially in horse manure , they deposit their eggs in batches, 
■each fly produomg from one hundred to one hundred and-^ fifty 
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ova ; each female laying as many as six batches dniing her life. 
The ova hatch m from eight to twenty-four hours. The larva are 
toy-white footless grubs, which cast theur skin twice, and then 
in a week they become full fed and stop feedmg. When mature 
they are about half an inch long. The skin then hardens mto 
a brown pupanum case. This stage, still m the dung-heaps, 
&c, may last three dajrs only, depending on the weather 
Larva, pupa, and flies may be found aU the year round. The 
house-fly hves by sucking up its food. They annoy ns and 



Fiq 140. — Hhad ov Stomoxys (Dolafond) 
a, Antennea ; p, maxillary palp , t, proboscis (From Par Die AnI , Flemfiiff ) 

our animals to feed off the sweat. Numerous other species 
of Muscida are caUed house-flies, the technical differences 
of which we cannot enter into. The house-fly is destroyed 
wholesale by a fungus, Mmpvm musea, the spores of which 
germinate in the body, and the mycelia^ grow out, Hlling the 
fly and fixing it, as we so often see, to the window-panes. 
The importance of the house-fly is because it carries the germs 
of onteric fever and suchlike. 

Another noxious fly sometimes found m houses, stables, 
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cowsheds, and pigatyes is called the Biting Fly {Stomoxya 
calcitrans)^ which sucks the blood oiit of animals, and even 
attacks man. it is one of the true Muscidse It is provided 
with a sharp piercmg proboscis (fig. 146) with which it pene- 
trates the skin of its victim. 


Ticks, Forest Flies, &c. (Eproboscidea). 

The Eproboscidea are the Sheep-ticks, Forest or Horse Flies, 
and Bird Flies They are generally called Pupipara, and 
present many peculiarities, which can only briefly be referred 
to here. Some resemble spiders in appearance, but the number 
of their legs soon identifies them. They are all parasitic in 
habits, living upon warm-blooded animals. Some are quite 
apterous, as the sheep-tick and bee-louse. They are chiefly 
remarkable in that the female produces her young singly, not 
as an ovum but as a nearly mature larva or pupanum. 

The Shhbp-kbd (Melophagub cvintjs). 

Amongst the parasites which are so numerous and destructive 
to sheep we find one of these Pupipara, the well-known Sheep 
Spider Fly, “Ked,” or Sheep Tick (fig. 147), which, although 
never producing fatal results, yet causes much annoyance to the 
ewes, and more stiU to the lambs. We find this pest hving 
amongst the wool, getting close to the skin when we try to 
catch it. In shape a sheep-ked is flat, with a squarish head, 
square thorax, and a flat hag-shaped abdomen. There are no 
wings or halteres, and the whole insect, especially the abdomen 
and legs, is very bristly. The colour is brown, greyish-brown 
on the abdomen. The feet have a pair of strong hooked claws, 
each with an accessory aide claw and a feathered bristle. The 
sheep-ked lays her puparia amongst the fleece. The true ova 
hatch in the body of the female and develop there, until the 
pupanum state is assumed, when each puparium is passed out 
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as a “bright, shiny, chestnut-brown body, oval in form, with 
truncate ends. When the female deposits a puparium she fixes 
it to the wool hy a gluey sub- 
stance, so that it cannot fall oj£ 

Taschenberg says each female 
may produce eight such puparia ; 
the author has found that seldom 
more than four are so produced 
The spider -hke fly comes from 
these shiny, glass-hke pupana in 
from three to four weeks. They 
get on to the sheep either from 
one sheep coming m contact with 
another or from the ground, where 
they may hatch out from the Fio 147 -Shebp-tiok (AfcZopAa^ 
fallen puporia. They get to the ^ Antenna, 

sucking lambs from the ewes, 

and often annoy them immensely The winter is passed m the 
pnparium stage. 

Effrnedies — This and all sheep external parasites are readily 
amenable to treatment. Dipping soon destroys all these parar 
sites, but as a rule two dippings are necessary, the second about 
a month after the first, so as to kill off those hatched from the 
puparia. 

The Forest ob Horse Fly (Heppobosoa equina). 

The Forest Fly is only of local importance, as it is seldom 
sufficiently abundant to be obnoxious except in the ITew Forest, 
where it is a terrible pest to horses and cattle, and in parts 
of North Wales, especially m the Snowdon area, where I 
have seen it in great abundance, notably in the Pen-y-Gwryd 
and near Quellyn Lake. It was well known to many of the 
local drivers.^ The fly is the fourth of an inch long and 
^ Miss Ormerod also records it from Breconshire 
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flattish in form, with a hard leathery skin, deep hrown in 
colour with paler mottlings ; the head is dull yellowish except 
on the face, where it has a dark stripe ; the thorax has a pale 
spot on the scutellum, and yellowish-grey markings along the 
sides and postenor part ; the abdomen is hnstly, hrown above, 
paler brown to grey below , the two wings are opaque, longer 
than the abdomen, and have thick brown veins along the costal 
region ; the legs are long and bristly, tawny yellow m colour, 
and banded with brown. ^ The foot is remarkable, and consists 
of a pair of large claws, with an appendage on each, outside ; 
there is also a long bristle-like thread coming out beneath the 
claws, and a curious flap -like process between These flies 
use their wings but weakly, only flying on the horse and from 
part to part of the same animal They cling to the hairs and 
run about, pulling the hair, and cause much irritation by so 
doing as well as by blood - sucking. Like all Pupipara, the 
Forest Fly deposits round pupana, which are notched at one 
end. There is but one larva m the female, which hves there 
until the pupanal skin is formed, when the pupanum is laid, 
the larva inside soon turning to a pupa. In four weeks the fly 
emerges from this case. Animals soon get used to their presence, 
but a strange horse will become most restive when they settle 
upon it, especially when (as often happens) the belly is attacked. 
Little can be done to keep them off, except spongmg the horse 
over with a paraffin sponge. 

Two other species are sometimes troublesome — ^namely, the 
Fowl-fly {Ch'mthomyia avicularia) and the Bee-louse {Bravla 
ccBca ) , the former a winged species that attacks birds, the latter 
a wingless reddish-brown iusect parasitic on the hive-bee 

Several others {S maculata, S, rufipes, &c.) attack animals 
m warm climates. 

Aphanlptera or Fleas (Fulicidse). 

Several species of fleas are found in Great Britain, all partial 
parasites, hving upon man, animals, and birds. Fleas are 
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apterous Diptera which are perhaps more nearly related to the 
Fungus Gnats (^Myc,etopli%l%doi) than to any other Diptera. 
Pulicides have a sucking and piercing mouth by which they 
draw out the blood of their hosts. The body of the flea is 
flattened from aide to side, and the legs are well developed to 
enable them to perform their hopping movements. Some have 
compound eyes {T'i'ichopsylla goMinm andPwZea; imtam), others 
have none {B.ystr%cko'p6]jlla the Mole Flea) The eggs or 

“ lilts ” are laid m dust and dirt, and the larvae are pearly-white 
fourteen-aegmented grubs, with a large brown head, and pupate 
where they live, as pmall brown chrysalids. Some feed on 
scurf, hairs, feathers, and other epidermal productions Many 
of the species can be easily identified by the number of spines 
in the curious comb-hke structure on the prothorax, but the 
genitaha form the most accurate means of discrimination. 

The Hen-flea (Triohopstlla gallin-®). 

The Hen-Hea is often very troublesome m fowl-roosts. It is 
a species common to sevoial birds, and, is dark-brown m colour 
We find them most abun- 
dantly m dirty fowl-nests, 
especially where the houses 
are damp and badly ven- 
tilated and lighted. Hen- 
fleas live m the nests, where 
in the corners and crevices 

the nits are deposited : the Fio. 148.— Larva adto Pupa of Hbn-fi^ha 
_ _ I! -I (3Vioftop«i/Ka gaJlina), 

larvae and pupee are found 

amongst the straw, feathers, and dung m the nests The fleas 
feed off the birds at night, sucking their blood, and produce 
.great irritation. These insects are very ipjurious to setting hens, 
and often cause them to neglect their eggs. The small white 
maggots have a curious little process, the “ post-frontelle,” on 
their head, on coming from the egg, by which they force their 
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wny out of the egg-shell : there are a few scattered hairs over 
the larva, which lives about three weeks 

Preueiiiion and Remedies . — It is very important to keep 
fowls* nests clean j then fleas cannot breed there, and can be 
easily kept down By using wood-wool instead of straw we 
shall seldom be bothered by, them in our fowl-roosts. Persian 



Fio. 149 - TdB Hen Flba iTridhopsuUa gaUincB) (greatly magnified). 


insect-powder is a good insecticide to keep them off setting birds, 
just dusted over the boxes before the eggs are put in and the 
hens commence to set. In fact, keeping the hen-houses clean 
will stop this msect from doing any harm. 

The Dog-flea {Gtenocephalzis cams), also the Cat-flea (C. fdis), 
sliould be kept off the animals if possible Carbolic soap baths 
are perhaps the best remedy No other species are very noxi- 
ous in these islands except the Human Flea (P. irritans), but 
one must remember that the Eat Fleas {Ge^'atophyUiLS fasciatus, 
Ct&iiojpsylla musadi, Xenojpsylla cheopis, &c,) carry plague. 

THYSANOFTEBA. 

Thrips, OB Black Fly. 

The TJiriindce, or Black Fly, sometimes called Thnnder-fly, 
form a distinct order of jisects, charactenaed hy having four 
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thin, narrow, fringed wings and an imperfect conical suctonal 
month. Several of them, are injurious to crops and fruity and 
are equally obnoxious in greenhouses. Thnpidse are minute 
dark insects in their adult state, and feed by suction, although 
the mandibles are represented by a pair of needle-like processes. 
One species, Tlirvp^ ceroalium (fig. 150, 1 and 2), is often 
harmful to coin. The larvae are similar in shape to the adult, 
but are smaller and differ m colour : the larva is deep yellow, 
with two dusky spots on the thorax ; the pupa is pale yellow, 
with white legs, antennse, and long wing-cases. The eyes and 



Fig 150 — Thbjps 

1 Feinnlo Thrips cereaHiim with ^Tlnga closed , 4, with wlngfl expanded , 2, 8, 6, 7, 
nat. slisei 6, larva of miiLviisiiima ^ 8, T minuiiesima (Our^) 

ocelli are reddish The adult is deep black and winged in the 
female, apterous in the male The legs are paler, and the two- 
jointed tarsi terminate in a little gland, hence they are some- 
times called “Bladder-feet,” The Com Thnps is about f of 
a lino long. This pest feeds off the haulm, between the 
sheathing leaves, and off the developing gram, and is especially 
noticeable in the furrow of the wheat seed. They cause the 
gain to shrivel up, and often produce a white sickly appearance, 
similar to a disease caused by them in grass in Canada. Another 
species, T ochraceus^ is frequently most harmful to melons, 
cucumbers, tomatoes, &c , under glass. The potato is attacked 



268 


THYSAIfOPTBRA OR THRIPS; 


by T» ininutissimcL (fig 150, 6 and 8), but it seldom does much 
harm : the yellow larva has black eyes in this species, the piipee 
are also of the same colour, the adult is pale-browii, with 
almost white wings, and is only J of a line in. length The 
Thrips hibernate as larvse at the roots of grass in the soil and 
amongst rubbish, and there pass through two pupal phases and 
come forth in spring, when they commence to lay their eggs. 
One or more generations may be produced in the year. The 
eggs are very small white bodies, reniform, and laid m slits cut 
in the plant tissue. Others undoubtedly hybernate as adults, 
for 1 have found many m winter under the bark of trees. 
Several species of Thrips damage plums, apples, and pears , the 
chief is EutJvn'ps others peas and beans, &c. 

The Pea Thrips (Kahothripb robustub). 

This Tbnps attacks peas and beans and frequently does much 
damage It attacks blossom, leaves, and the pods. The 
female is dark brown, except for the base of the third and 
fourth antennal segments and the tarsi and fore tibice, which 
are paler Wings clouded with brown, but the hind pair ore 
almost clear. The male is smaller than the female, and the 
feelers are paler The adults appear in May, and go on until 
August or even September. The adults feed on the soft parts 
inside the flowers. The egg is soft, white, and bean-shaped, 
0 35 mm. long ; it lies embedded m the tissue of the blossom 
made by the female’s ovipositor ; most are laid round the young 
forming pod or stigma As many as seventy eggs have been 
found m a single stigma sheath of Vida faber, they are also 
laid in other parts of the blossom and leaves In from nine to 
ten days they hatch out. The larvae become orange yellow, and 
occur in the flowers and on the developing pods. They deform 
the pods and cause a curious silvery and rusty appearance; 
cracks occur, and they enter the pods, and no peas result. The 
larvae then descend to the ground and go as deep as twelve 
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inches. The total time from the egg-laying to the descent of 
the larvae is about twenty-four days The larvae remain in 
the soil until next spring, when they change into the first 
pupal stage; a second pupal stage occurs in April and May 
The pupa has very long wing-buds. The adults then arise 
from the soil and start a fresh attack. 

Treatment , — Spray when the insect is seen on the pods with 
niGotme wash, and dust the peas m blossom with belumnite 
When the blossom is seen to be badly infested, lightmg fires 
so that the smoke dnfts tl^rough the peas or beaus does a great 
deal of good. 

The Pruit Thrips (Euthrips ptri) 

attacks buds, fruit, and foliage, and may be kept in check by nico- 
tine and soap spray, and winter land treatment with naphthalene. 

After an attack of Corn Thrips the stubble should be burnt 
and the grass at the head lands destroyed. Under glass fre- 
quent syringing with plain cold water does some good, but 
plants should be sprayed with nicotine soap wash, and special 
plants may be dipped m this mixture Fumigation with tobacco 
IS another excellent remedy under gloss. 

HEMIFTEBA. 

Bugs, Plant-hob, Soale Inbbots, &o. 

The Hemiptera are the Bugs, Plant -hce, Scale Insects, 
Cicadas, and Lice {Pediauli\ &c. The charactenstics of the 
Hemiptera are chiefly found m the mouth and the wings The 
mouth parts of all the Hemiptera are adapted for piercing and 
sucking. The mouth is formed of a jointed rostrum partly made 
up of an elongated labium, which forms a jointed sheath for the* 
lancet-shaped mandibles and maxillEB. It is by means of this 
piercing suctonal mouth that the Bugs and Plant-lice pimctuie 
the rmd of plants and then proceed to suck out the sap, often 
leaving behind a distinct scar where the proboscis has entered 
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(fig. 151, a). The majority live on vegetable juices, but some 
suck the blood of both vertebrate and invertebrate animals and 
man, and even carry disease Four wings are present as a rule ; 
but these may be reduced to two, as in the mole Scale insects, 
or none, as m some bugs, plant-hce, and female Scale insects. 
There are two distinct types of wing — one in which the basal half 

of the fore-wing is more or 
less leathery, the other half, 
transparent, known as a 
Tiemtelyin on , in the second 
it IS all clear and mem- 
branous The former type 
is found in the section of 
Hemiptera called Hetero^p- 
tera (fig. 160), the latter 
in. the JSomopiefiu (fig. 
162) At one time these 
two sections were con- 
sidered two distinct orders 
of insects. They are now 
united together under the 
order Hemiptera. 

The Hemiptera undergo 
Fia 161 . — Hop damaord by hbkiptera- incomplete metamor- 

HBTBBOPTKRA phosis, there being httle 

(a) By (6) by A'liiho- , „ , , 

oorls ncnurrum, Bbowlng soars (a), and holes (6) Olllerence between the 

larva, pupa, and imago in 
many genera. The pupae are always active except in the Scale 
insects and Snow-flies. The larva, which also resembles to a 
certain extent the adult, moults its skin several times, and 
then, if it is destined to become a winged form, it develops 
rudiments of wings as small bud-like lateral outgrowths on 
each side of the thorax, the pupal stage, which after a time 
casts its skin and becomes the adult {vide fig 160). The 
ova of the Hemiptera are often beautifully sculptured bodies. 
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Many of this order are extremely injunous, such as the Aphides 
or Plant-lice, many of the “Bugs” {Heteroytefi d) and Scale 
insects {GocaidoB\ Snow-flies {Aleyrodidce) and Leaf-hoppers 
{TyjMocyUdc^ Many of the Caysidoa (Land Bugs) also attack 
fruit There are generally considered to he three groups of 
Hemiptera, as follows — 

1 Homoptei'a (fig. 152), wings always clear and membranous 

when present, and the rostrum attached to frontal 
region of head = CoccidoBy Psijllidm^ &c. 

2 Hete:i‘optera (fig. 160), wings half leathery at the base, 

membranous at the tips, and the rostrum springs from 
beneath the head = the Bugs {ReduviidoB^ I/ygceidai^ 
GapeidcB, CimieidcBi &c.) 

3 ATwplura, which are all devoid of wings and parasitic 

= FedicuLtd(s or Lice. 

The Homoptera contain the most injurious species of this 
order. They are exemplified by the Plant-lice {AphididcB\ 
the Scale insects (Coccwfcs), the Snow-flies {Aleiirodidcd)^ and 
the Suckers {PsylhdoB ) 

Plai?t-liob (Aphidid^). 

Plont-hce are amongst the worst enemies the farmer, fruit- 
grower, and gardener have to contend with. They live entirely 
upon the sap of plants, which they draw from the leaves, 
blossom, fruit, stem, and roots. The structure of an Aphis is 
simple. The body is generally plump, and has usually two tubes 
called “ honey-tubes ” or “ cornicles ” on the back towards the 
tell Out of these are passed small drops of a gummy liquid. 
Also from the anus is passed out a fluid which falls upon the 
leaves of the infested plants and blocks up their stomata, a 
gummy substance called “ Honey Dew ” Aphides have a mealy, 
woolly, or waxy substance on the skin which repels water. Winged 
and wingless females occur, the males being also often winged. 
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Parthenogenetic reproduction takes place ; both oviparous and 
viviparous females occur. The wingless forms are generally 
asexual, and so are the summer winged females. Winged males 
and oviparous females also occur. Ova are usually laid only in 
the autumn by the oviparous female after fertihsation by the 
male The tarsi are of two segments, and the wmgs contain 
very few veins, by which the Dolphins, as they are called m 
Kent, are partly classified. The reproductive powers of these 



Fio 152 — Ohsrbv Aphib ^Myffus oeroBi) 
a. Winged 9 f apterous 9 . 


insects are enormous as well as peculiar The wingless female, 
starting in the spring, produces with great rapidity living young 
without the agency of a male ; these asexually produced young 
larvae or hce soon grow sufficiently to start reproducing again, 
and so on for eight or nine generations. As a rule, a plant 
becomes smothered by these wingless forms ; and in the summer 
some send out httle hud-like growths from the thorax, rudi- 
mentary wings, a pupal stage, and from these active pupee come 
forth winged females, which fly off to other plsmts These 
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winged females are also viviparous, and produce again asexually 
living young, and so on until the autumn, when a third kind of 
female appears, the oviparous female, and also a male. After 
the male has fertilised the female aphis, she deposits a few 
eggs upon the plants, which remam over the winter. These 
eggs mostly hatch out in the spring. But some Dolphms also 
hibernate as queens or mother females, and commence to repro- 
duce at once on the return of warm weather. Most Aphididae 
migrate between different host plants for mstance, the Hop 
Louse between hops and prunes, the Woolly Aphis between 
apples and elm, &c. There is often not much difference 
between the young (larvBe), or lice, as they are called, and the 
viviparous female , but larva, pupa, and adult may generally be 
distinguished by variations m structure and colour. Some 
Aphides produce galls {Scliizoneura ulmi^ PempJiigiLB spzrothecoB, 
GJierims dbzetis^ &c,) , others live partly underground (S, 
lanvjera, Tychea phaseoU^ and Phylloxera d&oastatnx) ; others 
live m ants* nests (Myrmecophilous Aphides). The life-cycle 
of Aphides is often very complex Most have two or more 
host plants between which they migrate. The Hop Aphis, for 
instance, winters on the damson and flies to the hop for the 
summer, the Elm Leaf Aphis (Scliizoneura uhni) flies to the 
roots of Ribes , the Mealy Plum Aphis (Hyaloptei'm pn*uni) to 
rushes and water grasses 

The three chief groups are the ApMdvnob, which have the 
third vem of the front wings twice forked , the Sclnzoneurince^ 
which have this vein once forked , and the ChenniMncs, which 
have this vem absent. Yery many kinds occur, and only brief 
notes can be given here. 


The Bean and Poppy Aphis, Biach Fly, or Golhor 
(Aphis rumids). 

A common bean mfestation is that caused by one of the 
plant-hce, known as the “ Collier.” This aphis appears first 

B 
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when the heana come into blossom, and especially blights 
broad-beans. Tlieae ‘‘ Colliers ” collect on the heads, where they 
breed rapidly, cover the plants with a black sticky mass, and, 
of they spread down low, get on to the pods and quite spoil the 
crop. These plant-lice are black in the wingless female state, 
some with whitish flecks The winged females are dark, some- 
times rusty-brown, with dark honey-tubes, but more usually 
they are quite black; the mole is black and winged; the 
young dark-grey to black, and the pupce slaty-grey, with 
black wing-cases and white spots and patches on the black 
abdomen They are also found on mangolds, poppies, hops, 
chamomile, euonymus, docks, &c , from which they have taken 
various specific names, having been supposed to be distmct 
species. This aphis wmters on docks and euonymus, then flies to 
the beans and poppies, and later to mangolds and other plants. 

The attack of this “ louse ” on beans can easily be checked, 
if taken in time, by picking off the infested tops of beans and 
putting them carefully into a pail of lime, so as to kill them 
before they spread low down. It is best to pick off the top 
even before attack shows Dusting with belumnite also checks 
them. Many plant-hce, like the above, have several food-plants. 

The Hop Louse {Phorodon hurrmii). 

Tlie Hop Aphis {Phorodon humuli) first makes its appearance 
on the hops as a winged viviparoua female, the so-called “ fly ” 
This takes place from the middle of May on into J une. The 
“fly” settle on the top growths, and at once commence to 
produce livmg young, small pallid larvea, spoken of as “lice” 
or “mts.” These grow into the wmgless viviparous females, 
which continue to produce hving young for several generations. 
15 ^ 0 w and again a winged brood has been known to appear m 
summer on the hops, and these fly to other hops and produce 
similar hce, but this is rare In September the Hop Aphis 
become wmged, and these fly to the damsons, sloes, and some 
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plums, where a sexual generation of males and females is pro- 
duced, the ovigerous females laying eggs m the axils of the 
buds These hatch out in spring and feed on the fohage of the 
prunes, and durmg May produce a winged viviparous brood, 
which fly off to the hops. Green apterous viviparous hce have 
been found on hops (Ormerod) previous to the advent of “ fly,” 
but the part they play has not been found out. They have 
little or nothing to do with the usual aphis bhght. The Hop 
Aphis IS easily controlled by spraying or washing with soft-soap 
and quassia, or better still, tobacco wash. 

A^le Aphides 

At least three Aphides, other than the Woolly Aphis, attack 
the apple and pear. These are known as A^lm mcdifdluB^ 
Aphis pom% and Siphoeoi*y7ie avence. The first is the most serious 
pest. It curls the leaves mto tangled masses, stunts and de- 
forms the young shoots, and even attacks the fruit and spoils 
it Its eggs occur on the apple in winter, and the young 
Aphides enter the opening buds. As the leaves grow out, a 
single female forms a colony by asexual reproduction, and these 
curl up the leaf. Others keep on appearmg and spread over 
the tree until the whole fohage is ruined. Then alate females 
appear and fly off to plantains, &c , and hve there for a short 
time and return m autumn to lay eggs on the apple and pear 
Ants carry these Aphides about to a very large extent It is 
called the Blue Bug in Kent and elsewhere. 

The Aphis pom% the gre&ii Apple Aphis, has longish black 
cormcles. The first is slaty grey, pink or almost black and 
mealy. The gre&a Apple Aphis lives all its life on the apple and 
pear, and does not so badly curl leaves. It clusters on the 
wood of the young growth. The Oat Apple Aphis is also green, 
but has short cornicles and migrates between the apple and com 
and grasses It does little damage as a rule, but may attack 
the blossom. 
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Treatment — For the first spray the trees with lime and salt 
wash — viz, 1 cwt lime, 5 Ih salt to 100 gallons of water 
This wash should be applied just as the buds are burstmg 
The others can be killed by spraying with the usual aphis 
washers 

Cherry Black Fly {Myms c&rasi) 

A shiny black Aphid which curls the top leaves of the 
cherry, and its honey dew falls and spoils the fruit Its eggs 
are laid on the cherry, but its alternate host plant has not been 
traced in this country. Spray with quassia and soft-soap. 

The Green Pea Louse (Maeroai^lmm ptst). 

This is a large green Aphid which often does much harm to 
pe 4 s and beans. It may be brushed off the peas, or they may be 
sprayed with nicotine or dusted with belummte 

Woolly A 2 ilm (Bchrzomwra lanigera) 

The Woolly Aphis is a widespread species affectmg the apple. 
Its presence can easily be detected by the quantity of white 
cottony wool produced by the larvee and apterous females. We 
often, especially in west-country orchards, see this white excretion 
hanging from the trees in great festoons. The trees suffer severely. 
Apple-trees are those that suffer most, but pear-trees and hawthorn 
may also be attacked. These plant-hce cause cankered growths 
to appear on the boughs , the new wood is their favourite seat 
of war, where they can easily plunge their beaks into the soft 
nnd. This wound, at first bod-hke, usually ends by splittmg , 
deepjcracks and crevices are formed, in which the insects seek 
shelter. Growth is checked, the crop does not mature, and 
often the trees fail under the attack. If we examine this 
white wool, we shall see that it proceeds from the hacks of 
the lice and females, as fine threads of wax. Amongst this 
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excretion we observe the orange-coloured lice, which get blown 
fiom tree to tree with the wool by the wind, and even from 
orchard to orchard. The adult females are alaty-grey to plum 
colour, and have no cornicles ; these adults secrete a little wool, 
but are also well protected by mealy powder and little globules 
of an oily nature. In. July and August there may appear 



1 

Via, 153 

1 Winged female, Woolly Aplils, magnl fled , and lino showing natural size 2, Wing- 
loBB Tlvii^aroua femalo, magnilLed 8, Apple twig, oovored by woolly aphides 

Winged females, and in autumn an oviparous female and male. 
It also occurs on elm-trees and winters there. Very few eggs are 
laid, however , each oviparous female only laying a single black 
ovum on the tree, so as to secure the continuity of the speciea 
The majority pass the winter ns mother-females in crevices in the 
bark and at the bottom of the cracks they have produced, more or 
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less protected from the cold on the apple This species also 
attacks the roots of the apple-tree There is a ground form 
of S, lamgera, like the ground form of the vine phylloxera. 
The aerial form partly passes down to the roots in late autumn, 
and the subterranean form crawls up again m spnng. Thus as 
long as we have the root form present we shall never eradicate 
this pest on our apple-trees or stop migration to the elms. 

JPyevention and Bemedies , — ^We notice this disease chiefly 



Fia 154.— Plum Aphis (AjAffliJmii). 

1, Viviparous female , 2, ovlgerous female (Wliitehead.) 


rampant in neglected orchards, where the trees are cramped 
together, and the trunks and boughs covered with moss and 
lichens. Keepmg the tiees properly thinned, with plenty of 
room for air, and clean, will prevent much damage from this 
pest- All rough bark should be cleared off, mosses and lichen 
destroyed by the caustic washes mentioned in the Appendix 
The aphis on the trees may be killed by spraying mth force 
with paraffin emulsion, or better still, tobacco wash. The 
ground form may he kept from ascending by banding with 
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Tanglefoot In Australia and Soutli Afnca apples are only 
grafted on northern Spy or Majetin stock ; the roots of these 
are immune. 

numerous other plont-lice attack crops and fruit, among 
which we may mention the Com Aphis [Mac/rosiphum 
granarid) ; the Cabbage Louse {Sijphocoryne lyramcce\ which 
crinkles up the cabbage leaves, formmg a mealy mass of lice , 
the Plum Louse (A. *prum) (fig 154), curling up the leaves of 
the plum ; the Currant Aphides {RTiopdlo8i;pTium lactucce), &c 
All can be destroyed by the same washes, and need no further 
comment here ( Vide Appendix II ) 

Scale Inseotb {Cooon)-®). 

These Hemiptera are peculiar in many respects. The females 
are mostly apterous apodal degenerate creatures, devoid of 
antennm, and often he hidden under a 
scale-like mass, formed by the excretions 
of the insect and the cast skms of the 
larva (exuviae). They have a very long 
thread-like beak, which is thrust into the 
bark, leaf, or, fruit of the plant, most 
females being fixed during the whole of 
their life, after the larval stage is passed 
The males (fig 156, i) are winged, having 
one pair only, the second pair heing 
hook - like processes The male scale 
(vi) IS quite different from the female scale (v) in form. 
Some Coccids, such as the Mealy Bugs and Soft Scales, form 
no scale, and are active in the former, but become sedentary in 
the latter, but are then covered with a quantity of mealy 
powder and wool or a hardened skin. Dunng winter some of 
our outdoor scales are in the egg state (Mussel Scale) , the 
ova are minute dust-like bodies found under the scale , others 
pass the winter as immature forms {Lecamum, &c ) In warmer 
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and tropical climates scales breed all tbe year round, and so tbey 
do in hothouses in this country. The young scale-insects are 
active six-legged larvffl (iv), which wander about for a time 
and then settle down and may form a small scale, gradually 
increasing m size. If this larva is going to become a female, 
as it moults it loses its legs, antennse, &c., and usually de- 
generates into a sedentary apodal creature But if the larva 
is going to become a male, it enters a propupal stage, a new 
set of legs, &c,, being formed, and wings appear as bud-like 



Fig 150 — San Joajg and Musseil Sgals 


1, ATale San Josd scale , 11, larva of same ; 111, female scale , Iv, larva of mussel scale . 
V, female mussel scale , vl, mole mussel scale. (1, 11, ill, after Morlatt and Ho\vard ) 

outgrowths. They are very numerous and destructive in warm 
climates, where fruit-trees are encrusted with them. Perhaps 
the most destructive is the San Jos4 scale {As^idiotus per- 
mc%omi) (fig 156, i, ii, iu), which attacks all fruit-trees and 
numbers of other deciduate trees and various plants. One 
female has been shown to account for 5,216,080,4:00 young in 
the year “Under favourable conditions (Lintner) This is not 
found in Britam, but if it should occur its presence must be 
reported to the Board of Agriculture. iNumbers of species are 
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injurious in our hothouses, such as the Gieedy-scale (A. camel- 
hm) and the Oleander-scale {A n&ni) and the two Mealy Bugs 
{Dactylojpiiis tiiri and D. longis^vnm)^ hut out of doors only 
two or three ever do much harm The most prevalent is the 
Mussel-scale {MytUaspis pomcyruTtii)'^ on apple and pear, the 
Brown -scale (Leucanium persico^y the Oyster Shell Bark Louse 
{Aspidiotus ostvecBfo^'rma)^ and the Woolly Currant-seale (P^^Z- 
mnarut mtis)^ the second on gooseberry and currants, the third 
on plums, the last on currants, vines, Pyracanthus, &c. 

The MiLSselscale {Mytilaspia pomarum). 

This scale insect was at one time placed in the genua 
MytilaspiUt all of which are elongated scales, more or less 
musael-like in form. It is now, however, placed in the genua 
Lepidosaphm^ and under the specific name ulmL The mussel- 
scale IS brown, from ^ to ^ of an inch long, and of nearly 
uniform width, except m the front, where it tapers to a point. 
Sometimes the scales are straight, at others curved. The egga 
are creamy- white, and may number between eighty and nmety, 
being scattered about under the scale • we find them in the 
winter. There is only one brood • the young siz-legged larvae 
(fig 156, iv) appear in June, and soon settle down to form 
fresh scales. The male scales (vi) are much smaller than the 
female (v). It is a widespread insect, occurring m Amenca, in 
Australia, and in S Africa. 

This, like all scale insects, is spread from tree to tree and 
orchard to orchard by the wind, and on the feet of birds and 
the back of insects. It has been noticed that some scale larvss 
prefer the back of dark-coloured beetles. It is also spread on 
nursery stock Young apple-trees suffer severely from this pest 
in Britain, and should be thoroughly cleaned before being 
planted. 

Prevention and Remedies , — Scale insects are often difficult to 
^ Also called Leptdoaaphcea 
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jdestroy. Eumigntion of young stock with hydrocyanic acid 
gas and the application of caustic washes in winter are most 
successful remedies. Paraffin emulsion spraying is beneficial 
in the end of June to kill the young forms. 


The Brown Currant and Gooseberry Scale {Lecanium jpefi'&icce, 
V. nlnSi Fitch). 

This IS one of the soft scales, the female’s dned body re- 
maining over the egg mass and forming a false scale. It occurs 



Fig lfi7 —The Beown Cuehant Scale (Ifcantem ijeraiOE, v Hhis) 

Larvft magiiiaod about 60 diameters Unrler-aide of youug female magnified about 

m, Mouth-ports. 15 diameters c, Channels leading to respir- 

atory tubes (stigmata) , m, moutii-part^ 

on the twigs of many other trees and bushes besides currants 
and gooseberries The dead skin or adult skin with the ova 
beneath is an oval brown body, convex and notched behind, 
about -J- to inch long. The eggs occur under this brown covermg 
as a yellowish dust with wool, and hatch in autumn into small 
oval, flatfish, pale or red-brown larvee, which wander ^hout 
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and attach themselves to the bark during the winter and remain 
dormant, some grow before to some extent In spring they 
;nov6 to the young wood and leaves and gradually grow mto 
the mature brown females. The male has not been found in 
Britain. 

Treatment consists of winter spraying with caustic alkali 
wash, or bettor still, lime-sulphur W£tsh, and spnng spraying 
with paraffin jeUy. 


Family PSYLLIDiB 
Apple-suoker (Psylla Mali). 

A great deal of damage is done to the buds and blossom of 
apples by a small yellowish-green fly called the apple-sucker 
The Psyllidcs are Hemiptera related to the Aphides, with 8- to 
10-jomted antennss, which end in two short slender bnstles 
Unlike plant-lice, they have three ocelli, and their legs are 
formed for leaping in the adults. They live upon the sap, and 
discharge a fluid in the form of small globules, which are 
attached by a thread to the tail-end of the Psylla. The larvee 
are often protected by a cottony secretion as well 

The species infesting the apple is found early in the year 
in the folds of the buds, and there in their immature form they 
suck the sap and prevent the leaves and blossom from develop- 
ing The larvsB are flattish creatures which we find m the buds, 
having crawled thither after their exit from the egg They 
also block up the buds with their honey dew. They are dark 
brown and greenish yellow m colour, with red eyes. A true 
pupal stage is assumed, bud-like wings appeanng, until by the 
end of a month after their escape from the egg, wings are fully 
formed The pupae are green. The winged PsyUa has four 
transparent wings, and is usually seen about the second week in 
June, the female being brighter than the male In size they 
vary from ^ to xV of inch. We may find adults as late os 
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October, but the majority are mature by September, when they 
pair and deposit their eggs separately upon the hoses of the 
buds and on the youngest apple-shoots amongst the soft hairs, 
and especially upon the leaf scars of the blossom buds. These 
eggs can easily be seen m the winter, as they are pale in colour. 



Fio 168.— Applb-suoker {Psfylla moZi). 

1 and la, Pupa, nat. Blze, and mag , 2 and 2a, Imago, nat slae, and mag (WlUteheod.) 

There is a fine process at each end of the egg. They go on 
lay mg Until November. 

Pr&veiition and Remedies . — This very injurious apple enemy 
may easily be controlled If a plantation is very badly infested 
it should be sprayed in late February with lime and salt wash, 
and n gniTi £is soon as the trusses are well open with tobacco 
wash. 

Another species, Psylla jpyi*ivora, is now and then found on 
pears in Britain, and is often destructive m America. 
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Family ALEYEODIDiB 

The Cabbage Snow-fly (Albyrodes BRAsaiais). 

These are also Hemiptera. They are small, raoth-like,. snowy 
white, four-winged insects, with a single vein only on the front 



Fig 169 —A 8now-flt (XZcj/rodw). 

A, Adult Snow-fly ; b, egg , o, wlngu of adult , d, Immature Snow-fly under soale. 


wings, and their body covered with a fine white mealy powder. 
The pupa, unhke other Hemiptera, is inactive. One of the 
commonest species is the Cabbage Snow-fly (A brasmcB), found 
at all times of the year on cabbages, beneath the leaves, where 
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they suck out the sap with fcheir beaks, formiDg brown and 
yellow patches on them. The eggs are laid singly or in a patch 
on the under side of a leaf and hatch out in a few days. Tlie 
young are covered with a transparent glassy white scale which 
becomes opaque white with two yellow spots. [Beneath this 
scale they turn to a pupa in from eight to twenty days, and 
from four to ten days after the perfect insect appears The 
pupal stage is pale yellowish with 7^ed eyes. The body of the 
adult IS really red and the thorax yellow, but they are covered 
with a white mealy powder all over. They may breed all the 
year. Soft-soap washes are the heat to kill them. ITicotme 
has no effect on the young. All outside leaves and stalks of 
cabbage should be destroyed. 

Tomatoes and plants under glass are often attacked by 
another species (A. va;pano7-u7n)y and may be checked by 
fumigation. 


Family TETTIOONTD.^. 

The Hop Fboo-ply (Euaoanthus intbrhuptus). 

“Jumpers,” as these insects are called m the hop-gardens, 
sometimes do much harm to the hops. When badly attacked 
the leaves turn yellow and die off, These jumpmg bugs are 
provided with four ample wmgs when adult, and are gaily 
coloured with brown, yellow, and sometimes red. The larva 
and pupa are green and yellow. In all stages this insect is 
very variable m colour. Their exuviEe are often found stickmg 
on to the hop-leaves. Just as m Calocons (p 287), they suck 
out the sap of the leaf and bine, especially in hot dry weather. 
It 18 especially upon badly-tilled land and stony and light soils 
that “ Jumpers ” are troublesome The damage manifests itself 
in June by the yellowness of the leaves, their curled appear- 
ance, and the stopping of the leading shoots revolving. The 
abolition of poles has materially checked this pest. Jarring is 
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one remedy we can employ wlien adults are present, but tobacco 
wash can safely be used on bops, and tbis kills tbe larvee and 
nympbfiB. 


Bugs (Heteroptera). 

Tbe second sub-order of Hemiptera are tbe Bugs. They are 
umted together by tbe fact that tbe first pair of wings have 
tbeir bases leathery, tbe outer portion being membranous (hemi- 
elytra). Many of these insects are injurious to plants, and 
some to man, but some are carmvorous (Kemocons), and are 
thus beneficial. The Heteroptera have an mcomplete meta- 
morphosis like the Homoptera, the larvce bemg apterous, the 
pup 80 bavmg bttle bud-bke wmgs. They have a long, sharp, 
jomted rostrum by which they puncture plant-tissues and diaw 
out tbe sap. Often a distinct scar is left behind where their 
beak baa been mserted, or the tissue may split The Common 
Bed-bug (Omcaj leciulaHus) belongs to this group, introduced 
ongmaUy into England in 1503, but not until after the fire 
of London m 1666 did it become troublesome. It was brought 
over in foreign timber on the rebuilding of the city. This bug 
infests animals, it is said, as well as man, and breeds in dust 
and dirt. Although a number of species of Heteroptera are 
more or less harmful, only two need be mentioned here — 
namely, the Heedle-nosed Hop-bug {Qalocoi^is fulvnmaculatus) 
and the Capsid Bugs, which attack fruit {Plesiocoris i-ugicolhst 
Orthotylus margin/xlis^ &c.) 

Thb Nbbdle-nosbd Hop-bug (CALOoonis pulvomaoulatds) 

This bug attacks the hop in all three of its stages, but especi^ 
ally in the larval and adult phases of life G fulvoinaculatm 
is a bug about one-third of an inch m length and tawny-grey 
m colour , the young are reddisb-browii to chocolate and yellow 
and green (fig 160). They lay their eggs m the hopbine, and 
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hatch, out about May Currants are also attacked by them. 



Pio 160 — Needlr-noeed Ht p-sud {Caloooria fulvomamilatiui) 
li LaTTB, early stage , il, laiva, late stage , hi, pupal stage, Iv, adult. 

They are extremely active, dodging round the poles and bine 
T7ith great dexterity, and fall readily to the ground when the 
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bine is shaken. They suck the sap from the bine generally 
at the top, and cause such loss of sap that the upward growth 
ceases, and numerous low laterals are sent out. When they 
become winged about July they seem to leave the hops, but 
many deposit their ova upon wild hops They hibernate in 
the larval stage. 

Pr&uenUon and Memedies — Early washing when the bugs are 
m the wingless state and jarring over tarred boards held on 
each side beneath the bine, together with the destruction of 
bine after a bad attack, will considerably check their increase. 
We seldom see this or Frog-fly attack in gardens where string 
and wires have superseded poles. The more soap and tobacco 
in washes for these hardy bugs the better , any wash is useless 
for the winged adults. 


Capsids on Fhuit. 

Several Capsid bugs attack fruit, including Orihotylus mar- 
ginalis and Plesioco^^is I'ugicollza Both are green to yellowish 
green, and very active. The latter is broader and stouter than 
the former The larvae puncture young apples and pears, and 
cause cracks and deformed areas which quite rmn the fruit for 
market. They also attack the foliage and make it ragged, and 
m currants often “nettle-headed.” The winged adults occur in 
summer, and towards the end lay their eggs in slits in the rind 
of the wood, which are completely hidden up. They hatch out 
in March and April, and the young larvae soon commence to 
attack the leaves and then the fruit 

Treatment consists of spraying with nicotine, paraflBn, and 
soap wash 


Lice (Anoplura). 

The Lice are generally called Pedicididce, These noxious 
creatures are now considered degenerate Hemiptera.'* They all 
possess suctorial mouths and are apterous. The Pediculidee are 

T 
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parasitic on human "beings and mammals, upon whom they may 
breed with great rapidity (partly by partlionogenosis), under 
j / favourable circumataucoa The 

young louse is nearly perfect 
when iirat born — in fact these 
insects retain more or less tlieu* 
larval form throughout life 
The three well-known spet^es 
on human beings aro the Uead 
Louse (PhthiriiLS raintis\ the 
Clothes Louse (P. vostimt^iti)^ 
and the Body Louse (P. iti' 
guinalia). The species found 
on our domestic animals all 
belong to the genua HanuaUh 
pimL8. They are never found 
on the sheep or cat. Tlui 
mouth is formed into a kind 
of sucking proboscis, which is 
plunged mto the skin of the 
host The pig is attacked 1 )y one 
Hceniatopinus uriius ; the horse by P" macroce^ihahiat ^ the o\ l)y 
P. eurystermia and P tenimroatris j the dog by II 
They must not be confused with the Mammahan J\rulloplmga 
called Trichodectes (p. 297). 


Fia 101 — Looas op the Ox 
pinna aurysternua^ feuialo. 
Greatly enlarged 


.(Bemaio- 
(Flemlng ) 


ORDER ORTHOPTERA, 

The Orthoptera are Earwigs, Cockroaches, Grasshoppers, 
Crickets, Locusts, Praymg Mantis Elies, and Walking-stick 
Insects. They are characterised by having the anterior wings 
leathery in texture and narrower than the posterior ones, winch 
are fan-sliaped and large. The mouth of the Orthoptera is 
formed for biting Many ore provided with a curious musical 
apparatus ” (grasshoppers, &c ) There is usually a pair of lung 
multiarticulate antennsB, and two large compound eyes as well 
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as ocelli, on the head. The prothorox is freely movable. The 
metamorphosis may be very moomplete : in the most advanced 
we only get a semblance of larval and pupal stages, and some 



Pio 162.— Mioeatobt Loodbt (^ijioda mignitorta), (NloUolBon ) 


never pass the larval condition. Orthopteni have been divided 
into Ouraona or Eunners, as the Cockroaches, Orossoria or 
Walkers, the Walking-stick Insects, &c. , and Saltattyria or 
Jumpers, the Grasshoppers and Locusts.^ 


Eauwigs (Forpioulidje) 


Amongst the Cursoria axe the Earwigs (ForfauUdw), some of 
which are undoubtedly noxious insects. Earwigs are amongst 
our msect foes in the garden, and they have been too prevalent 
m the field, attacking cmps of turnips, mangolds, cabbage, and 
hops. Early in the year the female comes from her winter 
quarters and lays her eggs m a hole in the ground and under 
stones. About twenty to thirty yellowish ova are laid together 
and the female looks after the ova until they are incubated. I 
have found the eggs to hatch out in two weeks, but it is stated 
that they may take a month to incubate. The female looks 
after the young for some little time like a hen after her clucks. 


Dr Sharp trwte order in two senea-natnely, Oarioria, including 
the Ewwi^, Oookroaohee, Montis Fhes. and Stick Insects ; and Saltatori^ 
including the Loouste, Onoketa, and QrosahopperB. The Earwigs are looked 
upon by some ae a distinct order called Dermaptera or Euplexaptera. 
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The young are at first white, but become brown in a week, and 
have no signs of wings, but by degrees after several moults the 
wings appear. The common earwig {Forficula am^icuLaiHa) be- 
comes mature m July and August. Earwigs are mostly dark 
chestnut-brown or yellowish m colour, with dark eyes. The 
upper wings are very small, but the under pair ore large, fan- 
shaped, membranous expansions, folded up in a most remark- 
able way beneath the small scale-like upper ones. This species 
seldom uses its wings, although I have taken them on the 
wmg.^ The small Earwigs {Labia minor), on the other hand, 
liy about m the sunshine. Forficula auriculama feeds only of 
a night, and hides away beneath the earth and atones durmg 
the daytime and under the bark of trees, &c. They strip the 
blossoms of plants, and have now and again done much damage 
to hops, and attack npe fruit. 

Frevention and Reimdies, — ^Trapping is the best way to get 
nd of these pests. Heaps of straw put about m the hop- 
gardens and fields, and burnt in the daytime, will get nd of 
hundreds Pieces of sacking laid about on the ground wiU be 
found to entice great numbers In Germany old baskets are 
put up on sticks full of some rubbish to attract the earwigs, 
and then destroyed. Durmg an attack on the South-Eastern 
Agncultural College hops in 1896, soot placed round the 
hills was found most efficacious, driving the iiesta away and 
enablmg the hops to recover from their damage. Catching 
over tarred boards of a night is also an excellent way in hop 
infestation. 


COOKROAOHBS (BliATTIDil). 

Several so-called ^‘Black-beetles” are found in England, 
and are often destructive. The three commonest species are 
the Common Black Beetle {Blatta orimialts), which is dark 

1 Ento Mo, Mag , n 61, 1896. 
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chestnut - brown ; P&riplaneia ainerieanOy or the American 
Cockroach, a much larger species, often an inch and three- 
quarters long, with a yellowish thorax with chestnut-brown 
markings, chestnut-brown wings, and the antennea very long. 
The third species is called the German Cockroach (P. ger- 
ma7iica)j and is a small yellowish-brown species, with two dark- 
brown stripes on the thorax. Another species, P. austral 
asuBf 18 also found doing some harm in conservatories. The 
Black species (P m'imtalii) is only winged in the male, the 
others in both sexes. The eggs are laid m packets, and some- 
times, as in P. gerrnjmiGa, are carried about by the female. 




JITio. 1A8.— Fjoualq and Maud ooumon Oockroaoh {Blaita ofiefKtaXU)» (Nloholson ) 

The young are all pale-coloured, and occasionally almost white 
when they have just changed their skin. 

Prevention and Remedies — Persian insect-powder, spread 
about where these pests are, is a good remedy ; but trapping 
keeps them well in hand, whilst a hedgehog will speedily clear 
them out from the basements of houses Voss’s phospho-nicotyl 
is also an excellent remedy. 

It is not necessary to refer to the Locusts, Grasshoppers, and 
other Orthoptera, as they are seldom destructive m England. 
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The Mole Cricket (Gi^yllofalpa mdgaris) (fig. 164) is sometimes 
an unpleasant insect in gardens and greenhouses, burrowing in 



Fig. I6i»— M old Oaioext {Oryllotal^ WLlgaris), 4 
1, Ova; 2 and 8, young oilokete (Curtis.) 


the soil, but is nowhere very plentiful, except m the Channel 
Islands It may be caught by sinking jam-pots with a sweet 
and meat bait just below the ground where they are walking. 

kettbofteea. 

In this order are grouped many diverse forms Some 
insects now included were at one time classified as distinct 
orders, but without sufficient grounds, and hence are now in- 
corporated m this one group. As a rule, ITeuroptera may be 
said to have four wings of the same texture, with numerous 
veins and cross -veins, giving them a pecuhar lace -like or 
reticulate appearanca If we include here the Ant-hons, &c., 
complete as well as incomplete metamorphosis is found. Many 
are aquatic in the larval stage. The I^europteia include the 
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Dragon-flies, May-flies, Lace-wings, Scorpion-flies, Ant-lions, 
Stone-flies, Termites, &c. The Bird-lice, MallopTiaga^ wingless 
parasites, also belong to this order. 

The iN’europtera are grouped m five divisions and eleven 
families, as follows ; — 

1. Trichoptera. — ^No mandibles in adults The wings de- 
velop internally, becoming evident when the pupal form is 
attained, Larves and pup® aquatic. Family Phryganeidce 
(Caddis-flies). 

2 Neuroptera planipenna. — Adults always mandibulate. 
Some are aquatic, others terrestrial during the early stages. 
Development as in Trichoptera. Families PanorpidoB (Scorpion- 
flies), Bidhdm (Snake- and Alder-flies), Hemerohiidm (Lace- 
wings and Ant-hons). 

3. Neuroptera amphibioticaw— Wmgs develop prominently 
outside the body. Aquatic larv® and pupsB. Families Odonata 
(Dragon-flies), Pei^lidcB (Stone-flies), and E^hem&ridm (May- 
flies). 

4. Pseudo-neuroptera. — Wings develop as above. No defi- 
nite pupa. Entirely terrestrial. Families TennitidcB (White 
Ants), PsocidoB (Book-lice), and Emhiidm. 

6. Mallophaga. — Wingless and parasitic. 

Brnn-LioD (Mallophaga). 

Birds are subject to a number of lice these Hte are called 
Mallophaga, and are mcluded in the order Neuioptem They 
are all apterous, and provided with a bitmg mouth, taking their 
nourishment from the epidermal products of the skin. The 
ova are laid on the host; the larv® are hke the adult, only 
paler m colour — m fact, metamorphosis is very slight, the 
young gradually getting darker m colour as they grow older. 
There is one genus {Tnchodectes) (fig. 165) found on mammals, 
such as the Horse, Os, and Sheep Louse, &c., and some- 
times these cause severe pruritua This genus, as seen in 
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the dog, may serve as a host for one of the Tapeworms that 
infests the dog The Bird-hce are often 
very mjurioua to poultry ; four genera are 
common on fowls and chicks — namely, 
Goniodes, Gomocot&si, Mefucypon, and Lipe- 
uim These lice live upon the birds 
permanently, — Gomodea and Goniocotes 
on the neck, under the wings, and on 
the rump Menopon is more active, and 
wanders over the whole body : this is the 
louse that crawls on to a person pluckmg 
fowls, but Soon dies Lipeurus lives be- 

Pro 166 — Trichodbotes . v ^ i j? 

BPH<-ERocBpaALU8 ( 9 ) OP twesu tue DaTDS of the wing- feathers. 

diiimeterfl. away at the base of the 

feathers, the skin, &c., and cause severe 

irritation. They stunt the growth of young chicks to a senous 

extent, and prevent the birds taking nourishment and rest. 





1, Lipewnia varioMis. 2, Menopon pdUidvm. 8» Oonioaotes hologaster 

(All greatly eolATged.) 


One can usually detect the presence of hce on birds by thc^ 
barbs of the feathers, especially those of the saddle-hackle, be 
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coming notclied and jagged. The antennae of the Bird-lice are 
composed of four or five Segments ; those that we get on the mam- 
malia (Tnchodedes) have three segments. These must not he 
confused with the piercmg-mouthed hoe (HcBmcdopimia), p 290. 

Pr&DmUon and Treatment — All fowls should have “dust 
haths,” so that they can nd themselves of these pests. Eoad 
dust and lime or gypsum and a little paraffin make as good a 
mixture as any. All brood-hens should be dressed around the 
rump and under the wings with mercurial ointment before being 
set, and young chicks should be similarly dressed up the neck 
to kill the tick-like species {G. Eynsford%i) which stunts their 
growth so seriously The Ti'ichodectes may b® treated with 
paraffin soaps or sulphur omtments. 


LaOB-WING BlIBS (HBMBROBnDjB) 

Lace-wing flies are of much service to us as a natural enemy 
of plant-hce. They are beautiful I^europtera, with clear lace- 
like wings, bright shiny golden 
eyes, and green or yellowish- 
green bodies. Some have the 
power of giving forth a very 
offensive smell when touched 
The eggs of the “ Golden Eye 
are peculiar structures, laid on 
long stalks (fig. 167, o) m 
groups upon the leaves of 
plants and trees The larv® r 

^ _ Fig 167 — Lack-wdio Ply 

(a) are provided with a power- a, Larva, or Aplus LIoa (enlarged) , B, 

M , I -I 1 . • . adult , G, ova (reduced) 

sickle-shaped pair of jaws, 

by means of which they ravenously devour the Dolphins ; and 
having sucked out their hfe-j*uices, they throw the empty skins 
over their back to form a protection against the prying eyes 
of birds Beneath this curious Periclean covering the larva 
pupates The larvae are often called Aphis Lions A number 
of different species exist 
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Caddis-plies (PHRYGANEiDis). 

Caddis flies, Water-moths, or Tncliopten a, are Xeuroptera 
that are aquatic during there larval life. The adults resemble 
moths in appearance; but the wings are not scaly, and are 
turned down at the sides of the body when at rest They are 
more or leas covered with hairs, and the cross veins are much 
fewer than in most ITeuroptera , legs and antennse are long, 
and their mouth-parts are but poorly developed. The eggs 
are laid in gelatinous masses upon water-plants. The larvoe, 
which are often extremely mjurious to water-cress, live in curi- 
ous cases made up of stones, shells, pieces of wood, &c The 
Caddis-wonns are long cylindrical larvee with scaly heads and 
strong jaws ; the three segments near the head are leathery, and 
each bears a pair of legs The front port of the larva alone 
sticks out of the case when moving, the other nine segments 
being enclosed in the curious larval covermg The tail has two 
hooks by which the insect anchors itself to a stone or plant 
m the water. Some species reach nearly an mch in length 
The pupal stage is passed m the case, the pupa emerging a short 
time previous to the advent of the adult, and crawling up to the 
surface of the water, ready to escape There are a great number 
of species; hut the most abundant in the water-cress beds is 
Limn&phzlVfS flameomiSj which has a wing-expanse of one and 
a quarter inch. 

P? efuention arid Remedies consist in draimng off the beds and 
clearing out all the plants, leavmg the beds to dry for some 
weeks previous to wmter planting. Birds, especially sparrows, 
clear the msects off, and do much good. When present in 
numl^ers, a good plan is to fill the beds full of water and move 
the tops of the plants about with poles and rakes to shalco the 
worms off : they then float to the top, and are run off with the 
excess of water. 
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Dragon-eltejs (Odonata). 

The Dragon-flies are all carnivorous, feeding off butterflies 
and moths and other insects when adult, and upon various 



Pig 168.— Draqok-fliibb. 

A, A Dragon fly {.Mschna grandU). partly dissected , b, Jarva , o, pupa , d, head of 
y^ibelluUL depresaa. h, Head, t to thoraolo segments, a, abdomen, cm, ontennm, 
e, e, eyes , m, Jaws , /, upper lip (Nicholson.) 


water insects when in the larval stage. They are often called 
Sketer Hawks, because they devour the aquatic mosquito larvae. 
The adults have Iqrge eyes, these often occupying the greater 
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part of the head. They are provided with very powerful 
mouths. Their wings are usually transparent, and have a 
number of mesh-like vems. The legs have a series of spmes 
upon them. Dragon-flies are most useful as msect destroyers. 
Each individual seems to have a hunting-ground of its own, 
either over a piece of water, along some lane, or in some glade 
in a wood. There are some {LzbelluhdcB) which are beautiful 
fragile insects (OcU^teryx). The eggs are laid in the water or 
on aquatic plants. The young (fig. 168^ b) possess no traces 
of wings. They commence to show after the third or fourth 
moult (a, tv). The nymph (o) bos a much shorter body than 
the adult, and, previous to hatching, crawls up the stem of 
some water-plant, when the shell sphts, and the perfect Dragon- 
fly emerges. 


AFTEBA. 


Lastly, we have the wingless primitive insects, the CoUemhola 
and Thysanura, now united into one order, 
the Aptera, Many are popularly called 
“ Spring - taila” There are never any 
wings or rudiments of such, but always 
three pairs of legs, and long or moder- 
ately long antennsB. They practically 
remam in the larval stage throughout life. 
The Thysanura have ten segments in. the 
abdomen; the Collembola have six or less 
segments, and the first one is always 
provided ventrally with a curious tube, 
which is absent in the Thysanura. The 
Oollemhola have the power of leapmg or 
skippmg into the air: some have a long, 
forked, ventral process towards the anus, 
which is used as a leaping apparatus. 
CoUemhola are often injurious to seedhng plants {Achorutes 
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armcdus^ &c ), to mushrooma {A, rufeseem), to fruit bushes 
{SmtnthuruB luteus^ &c.), and a few Thysanura are more or 
less noxious, as the ISilver Tish {Lepiema saccharina) (fig. 
169), a cunous silvery form found in books and m houses 
generally. An account of these pests will be found in the 
Report of the Eirst International Congress of Entomology, held 
at Brussels in 1910 (1911). Miss Ormerod records Smirdhwri 
damaging turnips {8. luteua and 8. nifjeT)^ another, 8, hort&nsis, 
also IS recorded damaging the same plants. Beans and sweet- 
peas are attacked by 8, pruinosvs^ the leaves being eaten in 
characteristic manner. They also attack tobacco in America, 
and Eroggatt records one damaging lucerne in 

Australia Celery is also attacked by a Lipurid^ and the roots 
of strawberries by a species of T&nypletonicL 

Arsenate of lead has been found effectual, and dry dustings 
of fine hme, also nicotine wash. 
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MOLLUSOA. 

The MoUiisca fomi a large class of animals, to which, belong 
Snails, Slugs, Oysters, Cockles, Mussels, Ootopi, and Sepias, as 
well as many extinct forms, such as Ammomtoa 

MoUusCa are generally provided with a shell formed by part 
of the animal known as the mantle : this shell is nearly always 
external, but m some few it is buried under the skm (Slugs) 
All mollusca are unsegmented animals, and bilaterally sym- 
metrical m the young or embryo stage The bilateral sym- 
metry soon goes m the adult, and they are often much contorted, 
especially those that lie m a spiral shell The skm of Mollusca 
has peculiar characteristics : one particular part — the so-called 
“ mantle ” that hues the shell — has the power of secreting cal- 
careous salts which go to make up the shell This mantle forms 
a cavity in the mollusc, the so-called ‘‘mantle cavity” or “re- 
spiratory sac.” Some molluscs (Snails, &c.) have a pulmonary 
sac, and live upon land, breathing air , others (Mussels, Oysters, 
&C.) have giUs or broncliiBe, which are bathed with the water 
m which they live Most Mollusca are aquatic — the majority 
marine, a few fresh-water ; and some are amphibious ; and there 
ore numerous terrestrial species, but the land genera are few In- 
ternally Mollusca arc provided with a distinct heart and alimen- 
tary canal, the former consistmg of two auricles and one ventricle, 
the ventricle traversmg the two auricles j both are surrounded by 
a membrane, the pencardmm. Jrom each end of the ventricle 
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a tiilDe runs off to the anterior and posterior end of the hody 
The hlood is colourless or pale yellow or pale green, and consists 
of amoehoid corpuscles only The nutritive substances derived 
from the food in the digestive tube pass through the walls of the 
tube and mix with the blood in the neighbouring vessels There 
are no lymphatics as in vertebrate animals. A large muscular 
area used for locomotion is found m most groups, called the 
“ foot ” (fig. 170,/). This structure is much modified accordmg 



PiQ. 170 — Bdibib Snail (Edix pomatia). 
r, tontaolos , E, eyea , a, smaU tentacles , f, foot (Brit, Mils Guide.) 

to its function in some it is used for bonng, in others for 
crawling, and yet others use it for leaping There are two chief 
types of shells formed by these invertebrates — ^Bivalve (fig 172) 
and Univalve (fig 174) shells the former consist of two valves 
united by an area called the hmge-lme^ the other may be a 
simple tube, a spirally coiled tube, or a comcal flattened disc 
Eeproduction m MoUusca is sexual ,both the sexual organs 
may be in the same mdividual or m separate individuals. The 
former (hermaphrodites), nevertheless, reproduce by cross-fertil- 
isation. The majority of land MoUusca develop direct , but in 
many aquatic species there is a larval form 

In Unto or the Uresh-water Mussel the ovaries and testes — the 
female and male genital glands — are found m the foot. They 
are in separate individuals (dioecious) They are large m winter 
and sprmg, as the breeding season is then on. The male cells, 
spermatozoa, are discharged into the water with a milky fluid, and 
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chance being swept into a female Unio, There is no external 
sexual distinction between a mole and female mollusc. The 
genital glands are branched structures, consistmg of a gland on 
ea^h side of the middle hne of the body. The tubes of these 
glands are lined by a layer of specially modified cells, epithehal 
cells, which develop mto either ova or spermatozoa as the case 
may be The tailed speimaiozoa fertilise the ova m the mantle 
cavity of the female. One female Unio may produce as many 
as 3,000,000 ova in a season. The ova collect between the gill 
lamellae, where they undergo development, and here appear the 
young larval Unios, which are known as Qlochidium larvee 
They eventually leave the parent and become attached lo fish 
and other objects, upon which they finish their development, 
when they relinquish their hold and smk to the bottom of the 
water, where the Glochidium becomes the adult XJnio Ex- 
cretory organs are present, as the organs of Bojanus, acting os 
kidneys m function, and connected with tlie pencardium as 
well as the exterior. 

MoUusca have a distmct nervous system, typically composed 
of three pairs of ganglia connected by commissures, each pair 
forming a kind of nerve-centre^ Some Molluaca have eyes, as 
seen in Pectens and Helix (fig. 170, E)^ whilst auditory organs 
are also found (otohths). 

The MoUusca are divided into four groups — namely * 

1. LameUibranchiata 

2 Gasteropoda 

3 Cephalopoda. 

4 Pteropoda. 

These are divided into two sections — 

At Acephala (headless molluscs) = LameUibranchiata (Mussels, 
&c.), or bivalves 

B, Encephala (headed moUuscs), or univalves and multi- 
valves. 

The Encephala are provided with a curious masticatory 
apparatus caUed the “ odontophore : one part is a ribbon- 
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like mass of teetli (fig. 171) which can be drawn in and 
out, called the radvla^ and which is "used by snails and slugs 
m ' devouring the vegetation The only 
group with which we need deal he^re is that 
of the GaBtero;poda, as they alone ^ are of 
any agncultural importance. The others, 
however, may be bnefiy referred to, os com- 
pleting' the series of the animal kingdom. 
Lamellibranclilata. — These are all bi- 
Pio 171 .— Two valve headless MoUusca, whose mantle con- 

Bists of two distinct flaps, each of which 
(Brit secretes one of the valves. They respire 

by gills placed in the cavity formed by the 
two halves of this mantle The cavity so formed communicates 
(m one division) by a siphon with the extenor {S%pho7icEtcL) 
Bivalve shells with the Ime marked on the inside of the shell 
—the pallial line, indented (fig. 172, c)—can at once be die- 


3 

a I 

Fio 172 .— Shells of LAUSLLiBkANOHS 

1, Cyolaa, witb twomtiscle soars (b b) and entire palllol lino (a), 2, with In- 

dented ]>allial lino (o) , 8, Fema, with one mnscle scar and complete paUial line (a) 
(Nicholson ) 

tmguished as siphonate forms. Those that have no palliol 
sinus are asiphonate forms (fig. 172, 3). The foot is generally 
a large, wedge-shaped, muscular body Most are marme, but 
some — such ^ as r7?ito and Amdonta^ Fresh-wnter Mussels — live 
in our rivers and ponds To this class Oysters (Ostj'eok), Mussels 
(Mytilurs), SsG , belong 
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MtmeU 08 Manure , — Mussels are used quite freely as manure 
in Kent and Es«ex, and slighty elsewhere along the littoral. 
The whole mussel contains from 0 7 to 1*0 per cent nitrogen, 
0 14 to 0*54 per cent pho«?phate, and from 0*09 to 0 13 per cent 
potash, and also considerable quantities of carbonate of lime, the 
shells consisting wholly of this substance In Kent they are 
used for mangolds, also for potatoes, cabbage, and celery. As 
the shells take some time to decay, they are best crushed before 
being spread on the land. 

Cephalopoda. — The Cephalopoda are the Cuttlefish, Kautilus, 
Squid, &c. In these we find a distinct head, and the mouth is 
surrounded by a circle of arms which bear numbers of suckers. 
The arms are divisions of the foot These moUuscs, many of 
winch have an internal shell Loligo\ are carnivorous 

.marine animals. Some have a curious organ called an 
ink-bag,” which contains a brown fluid, “seina”* this fluid 
the mollusc ejects when pursuing its prey so as to confuse it, and 
likewise to hide itself when being pursued by its enemies. The 
Nautilus has a complete external shell, quite unlike the “ cuttle- 
bones ” given to birds, the internal shell of Sepia. The sexes 
are separate, and some remarkable ways of reproduction exist 
(hectocotylisation), but such subjects are outside our provmce 
Many fossil forms are found, as the Ammoniteb and Beleninites 
of the Lias, Gault, and Chalk, &c 

The Fteropoda are a small class of free-swiminiiig pelagic 
Mollusca provided with two wing-like appendages and with 
glassy shells. They are carnivorous, feeding mainly upon Crus- 
tacea, and they m their turn form port of the food of whalea 
None of these two groups are of agricultural importance, so 
are briefly dismissed. 

Gasteropoda — Gasteropods include the majority of univalve 
Mollusca. They are found in the sea, in fresh water, and on 
land. The foot is in the form of a broad, flat, ventral mass, or 
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may be in the shape of a curious fin-lihe organ. Gasteropoda 
have never a bivalve shell— the shell is either univalve or mnlti- 
vBilve. The simplest type of shell is seen in the limpet They 
are often coiled or “whorled” (fig. 173) ^ each division of the 
spire or whorl may be m contact or widely separate ; the mouth 
is either round or oval, aht-hke in a few genera {Qy^wd)^ and 
bordered by the rounded “lips.” A column or pillar runs up 
the centre of the spnal shells, forming the eolumeUa, The 
body of a Gasteropod is divided into head, foot, and visceral sac ; 
the last is enclosed in the mantle, which is never divided into 
two lobes as in bivalves. Moat Gasteropods have an unsym- 
metncal body, coiled spirally, the respiratory organs of the left 
side being atrophied. The flattened foot may secrete a homy or 
calcareous plaie, the op&i'culum^ which serves to close the orifice 
of the shell when required. The head is distinct, with two ten- 
tacles, and two eyes often placed upon long stalks. A proboscis 
is sometimes present, having at its base the ear-sacs corltaining 
the “ear-stones” or otohtha. The “radula” is always well 
developed i this nbbon-hke mass of teeth is composed of chitin 
(fig. 171). Some families breathe air ; the majonty 

are aquatic, chiefly marine. In those that live in water we find 
three types of respiration — (i) Where there are no special res- 
piratory organs, the blood simply being bathed hy the water m 
the mantle cavity ; (ii) another type is seen in the “ nudibranch 
gasteropods,” which have gills on their hack, and (in) those 
which have gills in the mantle cavity (Hdliotis or Ear-shells, 
&c.) The sexes are for the most part distinct (dioecious) * hut 
Snails {HdicidcB) and Slugs (lAmacidoi)^ &c , are hermaphrodite 
The young when first developed have always an embryonic 
shell Many marine species develop hy a metamorphosis, — the 
larva being “ nautiloid ” in form, with a ciliated expansion called 
the “velum.” Terrestrial forms have no metamorphosis, but 
develop direct. A young snail is much like a fully developed 
snail, save for its smaller size and more transparent shell 

The Gasteropods that we are interested in all belong to the 
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group Putnionata^ in which )a shell is generally present and respir- 
ation IS aerial, the deflected mantle forining a pulmonary chamber. 

Mollusca injurious to our crops belong to the two families 
,knoT^ as ^ (Snails) and Lirmddm ^{^\\x^)y both ter- 

^restrial m habits. A thu*d family of economic importance are 
the LimnmidcB or Water-snails. 


LlMNiBEDiE, OHf WATBlR-SlfAILS. 


These aq^uatic or "semi-aquatic moUu$cs aile the hoat^ of the 
liveiTflukes in fvarioua parts pf the world, They are ’found 
^at aU' 'elevations, on mountain-sides as well' as m damp fenny 
countries. Water-snails are hermaphrodite^, and frequent shal- 
low and still waters and damp meadows; many may often' be 
fouqd together, and they are most prolific. One may fifnd them 
at all times of the year. The shells are elongated and copicall^ 
oval, the spire being produced, y^hile the jail’s body is twisted 
,up jin the spire of the shell. They have a prbminent head and 
an oljlong foot, notched in front and rounded behind. The shellB 
are extremely, variable, one species {Limnams per egei). having at 
least fourteen varieties. In .this country 
the t^O* Species important to us are 
L. b^n^tulus bjA L. perege!i\ • Both are 
hosts of the all-imoportant liver-fluke 
(pistoymm li^aticnm) whigh causes the 
“liver-rot” m sheep. ' . ' 

L. tryLmoMus. (fig .173, a) m a (pale 
ashy-grfey turreted shell with fiyeior six 
whorls, the last whorl being large 'and 
expanded, and occupymg about three-fifths of the shell , the.spire 
tapers to a very fine point. It as found nearly all over Bntam 
and Europe, Afghanistan, Morocco, ‘Algena, the Canary Islkndsi 
j&p, ^ This snail lays itp ova ot spawn upon ±ud. around ponds, 
ditches^ und streams. Each snhil layS about 1500 ova, in batches 
of '30 ‘to 100 f ^They are deposited m strips of some gelatinous 




Fio. JTa — Wat»r-8qjails. 
. ; (LimncoidcB) 

A, Lim%(mia trv/iustavZiiB . 
*L pereger Trtrloe nat. size 
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substance. ‘ Incu'bation taketf place in about twoweek^ This 
IS the chief host of the liver-fluke, J » 

' L. pereg&r (fig. WS, b)^ the other fresh-water snail, is almost 
transparent' yellowiah'^- brown, and spirally striate, with fiv*^ 
whotW JrKis species often wanders far from water, and may ba 
found vcrawling -nip Willow-trees^ and in damp meadowa ’ They 
are carnivorous in habits. Although the embryos of the' liver- 
fluke are found m this species, it seems it cannot complete its 
changes in it. Were there no Limnseidse there would be no 
livei>rot m nltr flocks ] but it is extremely diflScult to destroy 
these mollujscs. There is no dotlbt that the suggestion made by 
Miss Ornlerod of clearing out shallow’ pools of weeds, and re-i 
moving the broad growth of weeds and mud from the entrance 
of pools where sheep may water, would do much good where 
practicable. The destruction of the snails by puttmg gas-lime 
or Jime and strong salt over the mud when cleared out of the 
dykes and ditches, would greatly lessen the evil. 

In H. America L, liwmLla^ and in 8. America L, mator^ 
probably serve as hosts for the liyer-fluke. 

j 4 » "Slugs (LiMAoroiE) and Snails (HuLioiDiE). 

Slugs and Snails "are ofteti a ‘great pest to the farmer and 
gordCher. How and then a plague of one or ^be other may niin 
6ui/ field-crops. These possess a head which beats tentacles,' 
dud also a pair of eyes which may be on long stalks. The ^ foot 
is flat, and the raspings tongue or ‘‘radula^' is well developed.- 
Beth Snails' and Slugs are hermaphrodites The egg& are laid 
in batches m the ground and under stones and rubbish ' ' 

The elugd have only a rudimentary shell or an mdefiiiitely 
formed -one ufider the mantle. Slugs mostly frequent dampi 
places, and btiry themselves dunng the daytime ill the earth. 
The eggs j are laid singly, but in groups, in the gtoilnd, aUd are 
very numerous The chief genera are known vm Anoriy Lvmax^ 
and Ag^nolwiax, Anon can be told by having the slime-gland 
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in the posterior extremity, and the respiratory onfice in front 
of the shield-like ahelL The Anom feed at night upon the 
tendereat and choicest plants, but they will devour anything at 
times, The Liinaces are especially fond of indoor life. All 
slugs excrete a thick slime, and this can be exuded at least 
twice in rapid succession, a character which we may well 
remember when we are trymg to destroy them. 

The most destructive slugs are Agi^tolimax agi'estis^ L, mcsxi- 
mvSf Anon ater, and A, horimsis. 

The Grey Fisld-slug (A, agrestis) (fig, 174) is by far the most 
injurious land mollusc. It may be found in most gardens and 
fields m Britain. Like all slugs, its life is dependent on moisture 
In dry weather it gets under stones, &c,, and comes out only at 



Fxo 174 — Grby Field-slug (Agriolimax agrestis). Slightly enlarged. 

night to feed. The body is spindle-shaped and aahy-^ey in 
hue, with a reddish or yellowish tmge, sometimes mottled ; the 
foot has pale sides, and the shield is large. The ovsd shell is very 
thin, and marked with indistmct Imes of growth with a brood 
membranous maigm. It exudes great quantities of slime, and is 
most prolifio. Seven or eight separate batches of fifty ova each 
are laid during the breedmg season, which is from May to 
ITovembex, The little ova are laid m heaps of six to fifteen in 
the ground and under moss, especially duimg August, September, 
and October, They take three weeks to develop; the adults 
live many years. In the winter they may be found under stones 
and rubbish m a semi-torpid state. All kinds of plants are 
more or less attacked by them. It is chiefly in damp weather 
that slugs are destructive 

Another species is the Block^striped Slug (L, ncutimtie), which 
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sometimes reaches seven inches in leogth. Although not very 
prolific, it does much harm. The ova are deposited in heaps, 
joined together with a gummy slime, durmg the autumn. These 
slugs vary mucli in colour* some are black, others yellowish, 
spotted with black and white ; the foot is always edged with 
white, and the slime is always iridescent when dry, white when 
fresh. 

The common Black Slug (Arim ater) is about four inches 
long. It vanes from black to red, yellow, dark-green, or- brown, 
and is covered with prominent 
tubercles, much contracted m front 
and pointed behind , the foot has a 
yellowish border, and the slime is 
also yellowish. The shell consists 
of a number of small separate cal- 
careous grains, "i'his species is a 
scavenger, as well as being injmious. 

Another curious group of Slugs 
belongs to the genus Testacellcu 
Those molluscs (fig. 175), of which 
there are three species in England 
(T, halioUdea^ T, scutuXum^ and T, 
maugei)y feed almost entirely on 
earthworms, slugs, snails, 
pedes, &c The Testacellse are the 
only true predaceous or carnivorous land moUusca They hunt 
earthworms in their burrows, and devour huge lobworms much 
larger than themselves. The mouth is furnished with long 
curved teeth (t), so as to hold the victim, They live for four 
or five years. The eggs Eire laid separately m April, and resemble 
hens* eggs in shape, and covered by creamy white calcareous 
shells. From six to twenty ova are laid by 71 haliohdea. 
According to CoUinge, they hatch in from fourteen to seventeen 
days. 



Fig 176 — TbstaoslciA 
Teataceila haliotidea b, head , 
mille- worm , T, teeth from 

raUulo. 
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Snails (HsLiciDiB). 

Tlie* Snails, like Slugs, ar^ nocturnal and crepuscular, aelldom 
criiwling about 'm the daytime, unless after heavy rains. The 
latter habit has given rise a popular idea that snails come m 
rain-clouds. When the breeding season is on, the male organs 
are supplemented by one or more curious crystaUine darts, which 
they thrust out at one aUother : these cunous structures, found 
in special sacs called “ dart-sacs,” are peculiar to the genus Hehx 
The eggs are laid in batches m slanting galleries undergrouhd 
formed by the “mother” snail: they are white, round, senii-* 
transparent bodies. 

The following snails have been brought to the author’s notice 
as being very injurious : the Garden’ Snail {Helix aspersa), the 
Wood Snail (JET. n^iKyi'cdu)^ the Strawberry Snail {Hygromyia^ 
Q'ufescem), H. virgata, and H cwp&i which migrate from the ' 
Downs to the fields in numbers at certam times. 

The Garden Snail {H aspersa)^ fig 176, is. one of the 

commonest and most easily' 
obtainable This large species 
needs no description, as itus 
well known m every gardek, 
The ova are laid in heaps of 
sixty to seventy m the earth , ■ 
they are white, shining,' 
globular bodies, which hatch 
out in fifteen days if kept in 
the damp. The yotmg are' 
almost colourless, the shell' 
being thin and transparent. pr6ught and cold are erroneously 
considered harmful to snails. At the approach of winter they 
collect together, and exude a shmy matter which hardens and 
closes the aperture of the shell This covering or hd is called 
the epiphragm, and must not he mistaken for a permanent oper- 
culum. The common snail may bo found hibernating together 



Flo 170 ^Qardek Snail. (JfsZic 
asjiersa) Reduced 
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in crevices in walls, in old trees, and under rubbish, united 
together by the agglutinated shme, 

H, n&rmralis^ or the Wood Snail, is abundant in hedgerows 
and upland pastures, especially clover, where it often does much 
damage. Hygromyia rufeseens^ the Strawberry Snail, often does 
much damage to strawberries. 

In destroying slugs, we must bear in mind the fact that they 
exude a thick slime which retains any poisonous substance we 
may put over them, and which they can cast off. They cannot, 
however, repeat the violent excretion of the repellent substance 
more than twice, so that three dressmgs at short intervals are 
necessary before we can reach the slug’s skin to destroy it with 
such substances as soot, salt, and lime. Unless this is done, 
time and money are simply wasted. I have seen slugs sitting 
quietly on lime, surrounded by their slime, and in no ways 
affected Again, we must note they only come out at dusk, or 
after ram, or in damp weather , evening and early morning are 
then the tunes to attack them, and more especially so m dry 
weather. The various soil fumigants, such as napthalene, 
vaponte, fumite, and apterite, readily destroy slugs. Hydro- 
oxide of calcium in a one to two per cent solution in water is 
also an excellent remedy. 

Both Snails and Slugs have many natural enemies, such as 
ducks, fowls, rooks, starlings, blackbirds, and thrushes. The 
last two are of great assistance in keeping down an excess of 
Helloes. Moles, shrews, and toads also eat them. 

Those who wish to pursue this subject further are referred 
to the two following papers . “ Injurious Mollusca,” ‘ The 
Zoologist,’ p. 201, June 1895; and “Injurious and Beneficial 
Slugs and Snails,” ‘ Journal of the Board of Agriculture,’ voL xi. 
pp. 594-602 and pp. 660-658 : 1906. 




PART II. 


CHORDATA (VERTEBRATA) 










I 


\ i 


I I ^ ‘ f I 

OHAPTEE X 

CHORDATA. 

[• 

T^tmiOATBS OR SpA-SQUIRTB AND AmPHIOXUS = AoRANIA. 

The MoUusca form tho last true invertebrate group. Between 
the iuvei?tebratea with their ventral nervous system and dorsal 
heemal system and the true vertebrates with their dorsal nervous 
system and ventral hesmal system and skeleton there are con- 
necti](i^-links — namely, the group of AsddianSy Tunicates^ or Sea- 
squiris, a worm-like creature known Balanoglossvs , and a 
stage ftq^ther, conileotmg these with the true definite vertebrate 
animals, the* “little Lancelot, ArripMoxus lanceolatum, a fish- 
hke creature found in the sands of the Mediterranean and in 
Japan. These are called^ collectively with the true Vertebra ta, 
"by soine ‘zoologists Ohordata. The Chordata are divided 
into two s6(itioli8 — vi^,'-(l) Acfi'ania and (2) Ch-aniota. The 
curious types wo refer to here belong to the former section 
ATTiphiomiS is undoubtedly a vertebrate animal j although it pos- 
sesses no .vertebras, no .true mtemal skeleton, yet, as we shall 
see, it iflas^ doiml nervous ^stem, and that structure peculiar 
tb choi^ate £>r V'ei'tebtate animals — namely, the notochord, Which 
becomes less and less recognisable the higher we proceed in 
the.yertehifet6 scale, until it is only represented aa mere pads 
between the vertebrae m the Mammaha, 



318 


ACRANIA- 


Tunioates (eg8 177, 178) or Soa-squirts are flask- or bottle- 
Bhaped gelatmoiis-looking masses found attached to rocks, &c , in 
the sea. That they constitute an important gi'oup we can readily 
understand when a monograph of the forms found by the 
Challenger expedition reaches eight hundred odd quarto pages. 
Such subjects are outside our provmce, as they are purely 
marme animals. It is sufficient for our jiurpose to point out 



Pio 177 — Stbuctubb of a TrorcATE. 

A, of the Btrnoture of a Btinplo Tnuloato t, toflt, t, Hocond inuBOiilni tniilcs , 

8, branchial boo , branoblal aperture , a, atrial opimuig , o, atrium , o, oi>uuIng ut 
gullet , stomach , aw, anus , w, nerve-gaucUon B, BoPryVAis a7>iara//diw--pnrtIou of 
a colony oo, common atrial pore ; hr, hranohlol aperture of one of tho zoolds. o, a 
simple Asoldion (Mdlgula). (Nleholson ) 


that these Seo-squirta, which in their adult form are undoubtedly 
invertebrate in type, are m their larval or early stages distinctly 
vertebrate. The so-called A^midicularia larva (fig, 178, a) has 
a distinct dorsal skeletal rod, the notochord in its tail, which 
entirely disappears in the adult, — the dorsal nervous system 
becoming ventral by a cunous and qomplicated series of 
changea 




acbania (amphioxus). 
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Pro 178 — DiSVlfiLOPMKNT OP A TUNrOATE, 

larv^ d, Diagrammatic croaa-Bection of the tall p^flns ' 
li, central axis , g, cellular, and/, external aheath (Nlcholaon ) P* m , 


In Amphuucus (fig. 179) we have a permanent dorsal nervous 
system and notochord, this latter being an elastic cartilaginous 
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rod between the nervous system and the gut. Couch places 
this little, creature amongst the British Fish. 

-Another form to be mentioned here la the worm-like Bcdam- 
qlo8siL8, which Bateson has shown to have a dorsal axial rod 
(notochord) and a dorsal hollow nervous system, besides a senes 
of gill-slits, hke a hah. 

The whole of those animals that possess a dorsal nervous 
system and a notochord durmg some period of their existence 
are best known, then, as Chordata 

The Chordata can again be divided into two sectibns — namely, 
the’ Aaranid and th,e QraniotcL. The former contams those lowly 
intermediate forms which Mr Bateson classifies as follows . — 

1, Hemichordata (Balanoglossus). 

2. Urochordata (Ascidians). 

3 Cephalochordata (Amphioxus). 

Whilst Fish, Amphibia, Eeptiha, Aves, and Mammalia may he 
placed m a fourth division — 

4 Yertebrata. 

Thus for the old. term Yertebrata we now substitute Chordata, 
and use the term, Yertebrata only for those Chordata with a 
cranium and a distinct skeleton, either cartilaginous or osseous, 
so that the Chordata tabulate as follows . — 


Chordata 


Aoranm (uo bram) 


Oramota (brain preaenfa) 


1. Hemichordata. 

2 Urochordata. 

S. Cephalochordata. 

{ Pifloes 
A-mphihia. 
Reptilia. 
Aves. 

Mammalm. 
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CHAPTEE XL • 

OHOEDATA — Continued. 

The Chaeaotbes of Chaniota or Vertebrate Animals. 

The remaining divisions of tlie Chordata — namely, the Pish 
(Pisces), Frogs, &c. (Amphibia), Snakes, &o (Eepfcilia), Birds 




Fm 180 — DIAQRA-MMATIO SEOnOKS of an IsVBRTBBEATB and VaBTBBRATH. 

D, Dormun , v, venter , If, liHimnl or blood system, Be, body cavity , Bw, body wall; 
ff, gat , Nc., ner^'e chord , jP/e, neural canal , N, notochord , P, pericardium. 

(Avea), and Quadrupeds (Mammalia) — are known as Craniota 
or true Vertebrate animals Although these two groat sub- 
kingdoms, the Invertebrata or Achordata and the Chordata or 
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Yertebrata, are noited togetlier l}y Bucli forms as the Tunicates, 
yet each have their own distinctive characters. 

On taking a transverse section of a vertebrate animal and 
comparing it with the same of an invertebrate (fig 180), we 
shall note the following important differences. The section of 
the invertebrate consists of a single tube m which he the dorsal 
hmmal system {H)^ the ventral nervous system (Yc), and the 
central gut {&) On comparing the vertebrate section, we 
observe that there are two distinct tubes, m one of which, the 
dorsal, is shut off the chief nervous system (Ye) , in the other 
he the gut and the ventral hscmal system — part of this latter, 
the heart, bemg further shut off by the membrane surrounding 
it, the pericardium (P). 

Vertebrates {Craniotd) may be said, generally speaking, to bo 
characterised by having a dorsal nervous system which is en- 
closed m a canal composed of a number of bony or cartilaginous 
rmgs, the vertebree, placed m a longitudinal row. In aU verte- 
brates the structure called the notochord (Y) is present m the 
embryo, and more or less so in the adult. This structiue, 
which 18 developed in the floor of the neural canal, is a gela- 
tmous, cartilaginous, axial rod, tapering at each end, and 
forming a support to the c^rebro-spinal canal The noto- 
chord, which IS persistent m AmphtoamSy is replaced m true 
vertebrata by the vertebral column. This column is composed 
of a series of cartilaginous or ossified segments, the vertebree, 
between which the primitive notochord becomes squeezed 
out, it remaining as only small pads between the vertebree, 
or as diamond-shaped masses, as we see in Fish. The hmbs 
of vertebrates are never more than four in number, and are 
always turned away from the neural or dorsal surface, they 
are united to the body by distmct articulations. They are 
often absent m the lower vertebrates (Snakes) ; in Fish they 
are represented by the paired pectoral and pelvic fins (fig. 
198, ^ and v). 

Although a vascular system occurs in the Invertebrates, it 
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is of a very primitive type compared to the blood-system of the 
Vertebrata. In all Craniota there is a contractile heart, which 
never consists of less than two distinct chambers (fig. 1'99), with 
valvular openings, more generally the heart is composed of 
four distinct divisions (fig. 196). In the lowest vertebrates 
this heart only pumps the blood to the respiratory organs to be 
purified, but in the higher forms there are two distinct vascular 
systems — one by which the blood is pumped to the lungs and 
then back to the heart, called the “ pulmonary circulation”, 
the other by which the blood that has been to the respiratory 
organs is sent to the various parts of the body, the so-called 
“ systemic circulation ” Again, in this sub-kmgdom there is 
always present a modification of the venous system known 
as the hepaio-portdl system, by which some of the blood sent 
to the mtestmal portion of the alimentary canal is token by a 
tube called the vena jpcni;a back to the hver, and not direct to 
the heart. 

In connection with the venous system is also found in all 
Craniota a set of vessels along the walls of the gut, which toko 
up the products of the intestinal digestion and pour them mto 
the great vein, or vena cava. This system of vessels is known 
os the lacteal ayatem. The substance contained in this system 
IS chyle, and the mam duct openmg mto the vena cava is 
designated the tliorado duct (fig. 195, Td), There are also 
certain embryonic characters common to the vertebrates In all 
embryos we find two structures present — namely, the “ primitive 
groove ” and the “ visceral arches.” The pnmitive groove 
makes its appearance in the ovum early in development ; it is 
found as a long depression m the gemnnal area of the egg, 
with raised hp-like sides ; and at the bottom of this canal the 
notochord is seen These early stages of development will be 
treated more fully m the Embryology of the Fowl, where we 
shall observe that at no time does the nervous system surround 
the gut anteriorly as m the lower animals, and that it com- 
mences 08 an open tube. 
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Tho next most important embryonic structures are the so- 
called “ visceral arches.” These are a senes of transverse ridges 
developed at the sides of the embryo just posterior to tho 
head Slit-hke openmgs become formed in them, the “visceral 
clefts,” by which a free communication is set up between the 
external media and the inner part of the digestive tube 
anteriorly. These clefts are found m all Craniota , but they are 
only persistent m Fish and some Amphibia, m which filamentb 
are formed on the inner parts of the clefts, the branchuB or gilla 
Although not seen in the higher adult forms, they are neverthe- 
less always present in the embryo. 

In connection with the development there are also to bo 
noticed two embryoiuc membranes — namely, the Amnion and 
Allantou (fig 236) 

Before we can study the groups of the Craniota, it is certainly 
necessary that we should know something of the typical verte- 
brate structura For studying the structure we will take the 
Horse as our type, as by so doing we shall be able to compare 
more easily the peculiarities of the vanous farm animals. 
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CHAPTEE XII 

THE STRUGTTJRB OR THE HORSE. 

In tile atructure of a craniote animal there are two main 
divisions to be studied — namely, the skeletal structure and the 
general mtemal prgamsation. Every craniote animal has an 
internal skeleton. In the lowest forms, the fish, this skeleton 
may be soft and composed only of gristle-like cartilage, or it 
may be completely ossified or bony, as m the horsa Bony or 
osseous tissue is partly preceded by cartilaginous tissue . the 
hones of young animals are qmte soft as compared with the 
bones of the adults, because the calcareous salts which form the 
hone are not yet fully deposited. Bones are also formed by 
calcareous deposits in membranes. 

Skeleton op the Horse 

The skeleton of the horse (fig 181) will be seen, m common 
with that of all the Craniota, to he easily divisible into two 
parts — the axial part or spinal column and the cranium, and 
the so-caUed appendicular portion, composed of the limbs and 
their arches. The limb-arches unite the limbs to the central or 
axial skeleton, and with these arches the hmbs articulate. 

The trunk or vertebral column is composed of a num- 
ber of bony rmgs — the vertebr© These bony vertebras are 
placed m a longitudinal direction There are five divisions 
of these bones, which ars known as ceroical, dorsal^ lum~ 
ha), sacral, and coccygeal vertebrae. The cervical are found 
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in the neck ; the dorsal carry the nbs , the lumbar are found in 
the region of the loins , the sacral are united into one bony mass 
called the “ sacrum,” which supports to some extent the hmd 
limbs and the pelvic arch, tlie coccygeal form the tajl-region 
A typical vertebra (fig. 182) consists of a sohd lower portion, the 
miirrum (1 and 2), and an upper bony arch, the neural arch (4), 
m which hea the spinal cord At the point where the two 
halves of the neural arch meet there springs a bony spine more 
or less developed, the dorscd or neural spvne (fig. 182, 3). On 
each side of the neural arch a process juts out, the zygapophysis 



Fin 182 — Lumbab Vkbtbbiu. (Front view ) 

1, Oentrom , 2, Its Aicet , 8, dorsal spine ; 4, spinal foramen ; 6, anterior artlcnlat- 
Ing process , 6, transverse process , 7, posterior ortioulatlng process (Ohauveatu) 

(6 and 7). Prom the sides of the vertebrse there also project a 
lateral process on each side, called the tranmcfi'se jpi'ocese (6). 

Theoretically there is another arch below the centrum, the 
so-caUed haamol arch, which protects the blood-system. But 
this can only be recognised in some animals, unless we take 
the ribs as partly formmg the arch It is best seen in the 
caudal vertebra of some fish The vertehi *80 unite together partly 
by tlieir centra and partly by the zygapophyses When a 
vertebra has both faces of the centrum scooped out it is called 
an arrvplucoeiloue vertebra ; when one end (the anterior) is pro- 
jecting and the posterior concave, it is termed opiathoccdous j 
when concave in front and convex behind, jproccdou&. 

In the horse the cervical vertebrae are seven m number. 
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This is the general niimher m all mammals; even the long 
neck of the giraffe has only the same number as the short 

neck of the pig^ The 
cervical vertebrse are 
cubical m form, the first 
two being modified The 
first 18 kpown as the 
atlas (fig. 184), which is 
simply a bony nng with 
which the skull articu- 
lates in front , there is 
no centrum to this ver- 
The second ver- 



Fiq 188.— Axis. (Lateral view ) 


1, Saporior aplaoiin procesH , 2, odontoid pro- tebra. 
cess , 8, Intervertebral foramen , 4, body , 6, in- 
ferior flplnous process , 0, 7, inferior and sup^or tebra IS called the 0X18 
aililculatijag processes. (Ohauvean ) 

(fig. 183) this IS more 
like a typical cervical; but in front it has a projectmg blunt 
process coming from the centrum, the so-called odontoid ^o- 
cm (2), by which the axis can always be identified. The 

thoracic vertebrse number eight- 
een, to which articulate the ribs. 
The thoracic vertehr£B have large 
flat and brood neural spines, the 
spines being longest m the an- 
terior vertebrcB in the region of 
the horse’s “ withers,” and direc- 
ted backwards The lumbar ver- 
tebrae are six in number; they 
are small and stout, with very 

Xm ju IMWU.UU iiaviuLcn iUL I'UJiu^iCD UL 

occipital bone , 2, orticnior fhcet , 3, ver- broad winff-hke lateral processes 
tebral foramen ; 4» oorvlcal foramen ,5, ° ^ i i 

" rso process . 6, inferior spinona The Sacral Vertebr8B, of whlch 
, 7, superior arch (Chauvean.) . 

there are five m the horse (ex- 
cept m Arabs, which have six), are united m the adult mto 
one bony piece, the sacrum, which supports the pelvic arcL 

^ Some Edentate mammals, such as the Three-toed Sloths, have a vary- 
ing number of cervicals, some genera six, whilat others have nme. 



Fig 184.— ATLAa (Inferior surfiLce.) 

1, Artlcnlar cavitleH for condyles of 
[pltalV '' — ’ - ■ - 

’al fora 
transvGTSo 
process 
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The caudal vertebrae number sixteen to eighteen , they are 
reduced to httle bony cylinders I^o closed neural canal runs 
down them aiter the third or fourth vertebra 

The bTcuII or cranium (fig. 185), which articulates with the 
axis by two bony projections, the two occipital condyles 
(00), la divided into two regions, the cranial and facial. 
The former is a bony box which contains the hrain. The 



Fig 186 —Skull of the Hobse 

00, Occipital condyle , ST. styloid process , OT, occipital tuberosity , P, mrlatal 
bone , AFIj auditory region , zygomatic process of temporal bone , frontal bone , 
0, orbit , L, lacbrymal bone , Jtf, malai , JV, nasal bone , SM. Bupra-ruaxlllary , OP, 
Infraorbital foramen , PM, premaxillary , IT, Incisor teeth , MT, molar teeth , IM 
Inferior raaxlUary . CP, ooronoid process 


facial part constitutes the largest area of the skull. The 
skull, which IS an elongated pyramidal box in the horse, is 
built up of a great number of bones (fig. 185) Only a few 
of the more important can be mentioned here , for further 
details the reader must consult various works on osteology 
and veterinary anatomy 

The cranium is surrounded by flat hones at the hack : these 
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ones, are known as occipital bones (fig. 186, So, Ex.O, -Bo), of 
hicb there are several , these are perforated by a large round 
ole, the foramen magnum, out of which passes the portion of 
16 brain, the medulla oblongata, connecting the former with the 
pinal column Beneath this opening are the two swellings, the 
ccipital condyles. The top of the cranium is composed of four 
at thin bones ; the ones jommg the occipitals are the jpaHetcd 



Jffl, Mesetkmold , Pa, pre^henold. Bo, IwBlooclpltal , Bs. toBirohenoid . Os, orblto- 
rohoioid, Pr, frontal, exooeipltal, SO, supraocclpltal, ^a, nasal, Turi, tmv 

ilnalB Per. perlotio . 1, position of exit of oltoctory nerve , 2, optio nerve , 3, motor 
jcull nerve , 4, trochlear nerve , 5, 7, 8, three divisions of 6th nerv^ 0, nhducons 
xjuil. 0. facial, 10, auditory, 11, glosso-pha^geal , 12, pnenmogaatno, 18, spinal 
tccesaory , 14, hypoglossal ; Sq, squamosal , Ty, tympanic , Vo, vom^ , P Mx, 
naxilla, Mx, maxilla, PZ, palatine. Ft, pterygoid, Ju, malar, lachrymal, M, 
nandlble , Mk 0, Meckel's cartilage , Iv, anterior hyoid arch , v, poeterlor hyoid arch. 
Alter Flower ) 


bones (P (fig 186) and Pa (fig 186)), and those in front of the 
parietals are the froTitals (F and PV*) \ these extend behind the 
iye-regions. The sides of the skull are partly shut m hy the 
t&nvpffi^al hones with the zygomatic processes {Z and Bg^) 

The sphenoid hones {As, Os, Ps, and Bs) shut in the side 
oi the cranium partly, and he between the occipitals, frontals, 
palatine (PI), vomer (Vo), pterygoid (Pt), ethmoid, and temporals 
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The central part of the facial area is formed by two nasal 
hones {N and iVa), flat bones of an elongated triangular form 
extending down the nasal cavities Placed on each side of 
these central ones are the aupra-niaxillary bones (/SfA/), which 
carry teeth In front come the two other tooth-bearing bones, 
the premaxdlariea {P.Mx and PM)» In the nasal tubes are two 
spongy structures, the tarhinated hones (Turh) ; and between the 
facial and cranial portion comes the ethmoid, which is perforated 
in one part, forming the cribr^fo'i'm ^laie, situated at the end 
of the nasal fossse. The floor of the facial area (or the roof of 
the mouth) is built up of vomers ( Vo), premaxillanes, maxillary, 
atid palatine {PI) bones. 

The lower jaw is composed of two rami, united in the middle 
hne in front by a symphysis, each half bearing teeth {IM), The 
lower jaw articulates with the skull at its posterior end. 

The Hhs, of which there are eighteen, rarely nineteen, pairs, 
form a kmd of box in which are lodged some of the organs of 
the body, which they protect, especially the respiratory organs 
and heart. Each rib articulates with two vertebrse. The end of 
the rib nearest the vertebrae has two heads — one the mjpitulum, 
the other the tuherculum. The front ribs are flattest, and as 
they pass back they become more and more arched. A nb 
consists of two portions — the true bony nb, which umtea with 
the vertebrse, and a cartilaginous portion, the costal cartilage, 
which unites the rib with the sternum or breast-bone The first 
eight pairs of nbs unite with the sternum separately by their 
costal cartilages The other ten pairs have their costal cartilages 
united, and meet all together with the “breast-bone.” The 
former are the true rihs, the latter the false ribs. The breast- 
bone or sternum, with which the ribs unite, is a narrow keel- 
shaped bone, partly composed of cartilage. 

The anterior arch and limh are closely united by a distmct 
articulation forming a ball-and-socket joint. I^’evertheless the 
fore-hmb of the horse is not able to completely rotate, as is the 
case with the human arm. The antenor or pectoral arch is 
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typically composed of six bones — ^two seapdce, two coracoids^ 
and tw'o clavicles In the horse this so-called shoulder girdle 
IS very simple; the coracoids are reduced to mere fragments, 
small processes attached to the slioulder- blades or scapulee, 
and known as the coracoid processes. Ho davidea or collar- 
bones are found at aJL The arch is really reduced to a pair 




I Ccn 


^ of large scapulse. The 
scapula IS shallow, 
broadened above and 
^ contracted below, where 
---Gi we find a depression, 
the glenoid cavity, in 
— s which fits the head of 
the arm -bone or hum- 
erus. At the top of 
each scapula is a car- 
tilaginous prolongation 
rounded at its summit, 
and do\vn the outer 
—Se* face of the scapula 
runs a bony ridge, this 
ridge is much thick- 
^ ened and turned back- 
wards above the middle 
By noticmg this pomt, 


Pio 187 — At Pore, and b, Hind Leo or Horbk 

R, HadliiB, JT, kneo (carpus), Co, cannon - "bone , 

S, splint-bones, Pas, paatem. Cor, coronet, Cof, 
ooffln-boDe , Trap, plsciforjn , Ses, sesamoid bone , 

T, tibia , As, astmgalua , C, c^oaneus , Cu, cuboid 


we can easily teU a right 
from a left scapula 
The fore-limh (fig 
187, a) of the horse 


consists of the followmg parts the humerus, the radius {R) and 
vlna, the cai'pus {ICj (or knee of the horse), the metacaTipu& or 


cannon-bone (Cb), and the phalange-hones, consisting of three 
divisions. JSTormally in animals there are five metacarpals and 
five phalanges or digits, such as we see m man , but m the 
horse these latter are reduced to one. The fore-limb, which is 
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only capable of a backward and forward movement, ib articu- 
lated by the head of the humerus with the pectoral arch at the 
glenoid cavity The humerus of the horse can be easily felt, 
although it IS hidden beneath the muscles and skm in the 
“ shoulder ” This humerus is a short stout bone with two large 
swellmgs, the trochanters, the head is smooth and convex, and 
the distal end marked by two grooves. The head and glenoid 
cavity form a ball-and-socket joint ; the distal end and the 
radius and ulna articulation form a hmge-joint, capable only of 
a swingmg motion 

The forearm consists of two bones, the radius and idna In 
man these two bones are quite distinct, but in the horse they 
are united (i2). The radius forms the chief bone articulating 
with the distal end of the humerus and at its own distal end 
with the knee-bones {K) The ulna is fused with the radius, 
and termmates in a slightly swollen extremity about half-way 
down the radius , at its proximal end it rises above the radius 
over the end of the back of the humerus, forming the olecranon 
process. 

The radius articulates with the carpus or “knee” of the 
horse The hiee (K) is composed of seven cubical bones, with 
flat articulatmg surfaces arranged in two rows, forming three 
distinct jomts, one between the radius and first row, another 
between the two rows of carpal bones, and a third between the 
carpus and metacarpals The bones of the two rows are the 
undfomiy magnum^ and trapezoid^ forming the lower row, the 
cun&ifofrm, lunar, and scaphoid, forming the upper row , and a 
separate bone, the pisciform {Trap), behmcL Sometimes there 
IS a fourth bone in the lower row, the irapemim ^ Each bone 
has a delicate serous membrane surroundmg it, the ^nomal 
menibrane, which secretes a lubricating fluid of a yellowish 
greasy nature called synovium This lubncatmg agent k not 
an oil but an albuminous substance. 

^ The trapezium is a pea-like bone at the back of the knee, a vestigial 
remains which I have never been able to find — (G. T B ) 
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The imeiforin, magnum, and trapezoid articulate Avitli the 
metacarpal hones Normally these are five in number, as seen 
in man , but in the horse only one entire digit remains, the third , 
portions of the second and fourth are found as the so-called 
“ spUnt-hones ” (fig. 187, >S) The metacarpal bone of the horse 
is the cannoTifhone (Ca), and the two rudimentary ones the 
sphnt-bones, one on each side of the cannon-bone, uniting with 
it about halfway down. The remaming bones of the fore-hmb 
constitute the horse’s foot The foot is composed of three 
bones the one uniting with the cannon-bone is called the 
partem (Pas), which is the largest , this is followed by the 
coronet-hone {Cor) , the last, or coffin-hone {Cof\ being hidden 
in the hoof. These form the true digit, the equivalent of our 
third finger. There ore also present two detached bones, or 
sesamoid bones. One of these sesamoid bones is present at the 
back of the joint formed by the cannon and pastern {Ses) ; the 
other, the navicular honey is found behmd the junction of the 
coronet and coffin bones inside the hoof. Various bony deposits 
occur abnormally in tliis region, such as “ side-bone ” and “ ring- 
bone.” Side-bone ” is a calcareous deposit on the sides of the 
coffin-bone. “ Ring-bone ” is a similar deposit on the coronet 
The postenior arch and limh are homologous to the anterior. 
The posterior arch (fig. 188) is called the pelvic arch or hip- 
girdle, and IS made up of two large bony masses united m their 
nuddle hne, the osaa wuominata Each os innommatum is 
formed by three bones known as the ilium (1), ischium (12), and 
pubes (9), the six forming a kind of bony rmg, the pelvis, wluch 
is much larger m the female than the male. The ilium is a 
triangular bone projectmg forwards, and forms the so-called 
haunch-bone. There are two noticeable ports m it, the anterior 
spme and the posterior spme, the latter pomting upwards, the 
former forwards. The ischium passes backwards towards the 
taiL The pubes are the two flat bones which unite beneath 
at a point of union called the pubic symphysis. The pubes 
are perforated by the two large obturator foramina (10). The 
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three hones of each os nmominatiiin unite at one point towards 
the posterior part of the pelvis, forming a concavity called the 
acetabulum (5) The ischium on each side lies against the 
sacrum, to which they are attached by muscle. Into the 
acetabulum or cotyloid cavity fits the head of the thigh-bone 
or femur, forming a ball-and-socket joint similar to the one 



Fia, 188 — Pblvio Aboh. (Boen from below ) 

1, Iliac sorfiico , 2, auricular facet ; 8, creat of ilium ; 4, angle of haonoh , 6, cotyloid 
cavity , 0, bottom of ditto , 7, one of the Imprints for the insertion of the rec^ femor- 
alis , 8, iieo-pootineal line , 9, channel on the external face of pubes , lU, obturator 
foramen , 11, soiatlo spine ; 12, Isohlatlo aroh (Chauveau ) 

at the j’unction of the fore-lunh and arch The femur is a 
thick solid hone with a large smooth head, at the side of which 
IS developed a largo roughened projection called the trochanter 
major About one-third of the way down the bone is a swell- 
mg or tuberosity found only, fully developed, m Solipeds (Horses, 
&c.) — ^namely, the third trochanter — to which are attached van- 
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OU8 powerful muscles for the movement of the limh The chief 
motor muscle of the hmd-leg is united to the trochanter major, 
Following and uniting with the femur are the two hones, the tibia 
(fig 187, B, T) and fibula^ which are quite detached in cei’tain 
animals In the horse the tibia is well developed, being a stout 
strong bone, whilst the fibula is much reduced in size and 
anchyloses with the tibia. The jomt formed by the junction of 
tKese two bones with the femur is known as the stifle-joint In 
front of this joint is a floating bone, the patella or knee-cap, 
which is attached by three bands of hgament to the tibia. 

The tarsus or ankle forms the horse’s hock, hke the carpus 
or knee, this is made up of several small bones. There are 
six tarsal bones in all, known as the exte^'nal and internal 
cuneiforim^ cuboid {Gu), navicular} cistragalus (As), and cal 
caneus (O) 

The astragalus is in front of the hock, at the top uniting with 
the tibia. The calcaneus is behmd the astragalus, and projects 
upwards behind the tibia, forming the pomt of the hock , it also 
has an articulating surface with the tibia Below the calcaneus 
IS the cuboid Beneath the astragalus comes the navicular, 
scaphoid, or large cuneiform , the lower row consisting of the 
mtemal and external cuneiforms, the latter being chiefly at the 
bock of the hock The metatarsal or cannon-bone (Ca) is veiy 
similar to that of the fore-limb The foot is also similar in 
structure, but the ultimate toe-bone is called the pcllcd bone 
(fig 187, B, Guf^) , and at the junction of the cannon-bone witli 
the large pastern are two floatmg bones behind (b, Ses), which 
are covered by a homy growth, the ergot, upon which is attached 
the tuft of hair coiled the fetlocic 

This completes the skeleton, whose function is for the attach- 
ment of the muscles and for the protection of the various soft 
inner parts of the body, 

^ The navicular is also called the scaphoid or centrale. The latter term 
13 best, as there is a scaphoid in the carpus, and the true navicular is a de- 
tached sesamoid bone in the foot, the seat of the navicular disease. 
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Internal Anatomy. 

The skin, or outer covenng of the muscles, skeleton, and 
organs, also represents the organ of “touch” — certain areas, 
such as the hpa and limbs, being especially adapted to this 
sensa The skin is composed of two layers — the outer.' the 
e;pidefr7ms, the inner the dermis. The epidermis is the 'thin 
layer covenng the face of the derma, and is formed of flat cells, 
which are continually being deposited and worn off by fnction. 
The derma forms the chief thickness of the membrane, its inner 
face adhering closely to the subjacent parts by the 'ganmcuLus 
adiposuSf a cellulo-adipose substance. The external face is per- 
forated by openings for the hairs and exits of the sudoriporous 
and sebaceous glanda The nerves end in the u^per part of this 
layer m little papilla-like projections 

The skin of the horse having been removed, there is 
found underneath a thick coating — thin, however, in places — 
of a red, more or less striped appearance, which can easily be 
divided up mto different detached areas These are the muscles, 
the so-called flesh which is attached to the bones, forming not 
only a covering for the more delicate mternol parts, but also a 
very comphcated mechanical apparatus for the movement of the 
animal, &c The individual groups of muscles on examination 
will be seen to be composed of a number of bundles of fibres, each 
of which IS endowed with the power of contraction. During 
this contraction a muscle becomes shorter and stouter on the 
contraction ceaamg the muscle regains its normal length by 
an elastic recod, muscle being also elastic in nature Many 
muscles terminate in tendons, these latter, and the muscles 
themselves,^ ore attached at each end to a bone. For such a 
purpose are the roughened ends of the femur and the side 
swelling of the third trochanter formed. When the muscle con- 
tracts, one end to which the muscle or tendon is attached must 
give way and be pulled towards the other, and thus the move- 

Y 
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ments of the body are brought about. Into the grouping of 
these muscles we have not space to enter here. 

In a transverse section of the horse two cavities will be seen 
— the dorsal tube with the spine, and the large ventral ab- 
dominal cavity In a longitudinal section three cavities will be 
exposed — the long neural tube, and the body divided also into 
two by a membranous partition, the diaphragm (fig 190, 
the front division being tlie thorax^ the posterior the ahdmnen 

The digestive tube or alimentary canal (figs. 189 and 190) may 
bo said to commence at the back of the mouth m a large space, 



Pio. 100 —Diagram op Alimentary Canal. 

Sp, Soft palate , P, pliarynx , Q, glottis , OE, ccaophagns ; 
SL, aalivary-glandfl , 2', trachea , iti, lungs , J£t heart , PI, 
pleura , 1% pericardium ; D%, diaphragm , St, stomach , 1% 
pylorus , L, liver , Bd, bile-duct , Pa, pancreas , Pd, pan- 
ci-eatic duct , iZe, rectum , A, onus ; D, duodenum , Je, Jeju- 
num , n, ileum , OAE, ctEoum , Got and ObU, colon. 


the pharynx (P), which is situated behind that part of the roof 
of the mouth known as the soft palate (^). From the pharynx 
a small openmg leads mto the gullet or oesophagus {OU and a), 
which passes through the neck in close relation to the windpipe 
or trachea (P), and enters the thorax m its upper moiety, runs 
through it, and perforates the diaphragm dorsally The stomach 
(St and h) receives the oesophagus at its inner margin or 
greater curvature towards one end The stomach of the horse 
IS a simple sac elongated transversely, and lies across the ab- 
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(iommal cayifcy. The oesophagus enters towards that end of the 
gastric cavity known as the cardium, the other end heing called 
ithe-pyiLotns. On opening the stomach we can distinguish a right 
4nd a left ^half. The right half or pyloric half is lined by a red 
fiilucoTjs membrane, the left by a white mucous membrane, which 
<is partly continuous with the lining epithelium of the oesophagus, 
which it receives. The nght half only has, m its mucous 
membrane, true digestive glands or gastric glands , the left is in 
reality part of the oesophagus much dilated. From the pyloric 
end {Py), at which we may notice a constriction, arises the 
commencement of the small mtestme The small mtestme is 
divided into three parts — the duodenum (D), which leaves the 
liylorus, the j^unum (Jie), and the ileum {II) The small mtes- 
tine is a long thm-walled tube much folded and convoluted, 
and lies especially on the horse’s left flank It is 24 yards long 
m the horse and about If inch in diameter. The jejunum 
is situated chiefly m the left flank, and constitutes the main 
part of the small mtestme. The large intestine is much shorter 
tJian the small, hut of greater capacity It is divided into two 
portions — ^the ceecum and colon. The CBscum, into which opens 
the ileum, is marked off from the small mtestme by the so-caUed 
ileo-csecal valve It is a large elongated sac ending blmdly at 
one extremity {CAE), The csecum is largely developed m the 
horse and all other herbivorous animals, contammg as much 
as 6 to 7 gallons of flmd. It is constricted and provided with 
longitudinal hands of muscle, which on being cut cause the 
constrictions to disappear 

Close to where the ileum enters the caecum is another opemng, 
from which spnngs the colon. The colon is divisible into two 
regions — the large colon (Cbi) and the floating colon {Go^^) 
This portion of the canal is also constricted at its commence- 
ment, the constrictions being much more closely united The 
colon forms a loop surrounding the caecum, and towards the end 
it gives rise to a straight thin -walled tube, the rectum (i2), 
which opens to the exterior by the anus The colon is about 
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20 feet long, the large colon holding as much as eighteen 
gallons of fluid. 

In connection with the digestive tube are several glands 
whose products aid the digestion of the food. These glands are 
as follows . suUvary-glanda (SL), opening into the mouth , the 
liver (L), opening into tlie duodenum ; and the pancrecLS (Pa), 
opening into the intestine close to the hver-duct These three 
glands are spoken of as true glands. There are others — such 
08 the thyroid^ thymus^ and ^leen — which have no opening 
at all; these are the so-called ductless glands The salivary 
glands, of which there are several, are situated in the sides 
of the mouth and under the tongue ; they are branched glands 
which pour out, by means of their ducts, saliva into the mouth 
to amalgamate with the food The liver is the largest gland in 
the body . it consists of several large red lobes closely applied 
to the diaphragm and wrappmg round part of the stomach. 
There can be recognised a right and a left lobe, a middle 
lobe, and the lobe of Spigelii. By separating these lobes of 
the liver of a cow or sheep you will observe buried in their 
midst an elongated, green, thin-waUed sac, 'the gall-bladder. 
This structure is absent m the horse. Close to it can be traced 
a tube, the dudm clioledoclivs or bile-duct (Bd), which passes 
from the liver and runs to the duodenum, into which it opens, 
— the openmg being provided with two flap-like valves, forming 
the ampulla of Yater. Down this duct the bile runs so as to 
reach the food. The valves are to stop the flow of food up the 
bile-duct. In the horse the bile is always flowing into the mtes- 
tme ; in other animals it chiefly flows during digestion— mean- 
while it IS stored up m the gall-bladder. In the horse the secre- 
tion is more rapid during digestion, m spite of its constant flow. 

The jpancre€L 8 (Pa) or “ sweetbread is a pale pink-coloured 
gland much lobulated, and hes in a membrane in close relation 
to the stomach and small intestine. Prom it there runs off a 
tube, the pancreatic duct (Pd), which opens mto the duodenum 
close to the ampulla of Yater. 
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The thyroid ib a gland which is found close to and 
behind the larynx, beside the two first rings of the trachea 
This gland consists of two oval lobes of a reddish-brown 
colour, united by the so-called “isthmus” It is more im- 
portant in the young and foetus than in the adult, and is 
especially developed in Euimnants and Carnivora What its 
functions are we do not definitely know some say it is 
to destroy the mucin m the body, others that it is a 
gland connected with the brain. The former is apparently 
correct. 

The thymus is another ductless gland found in the fcstus 
only, resembling the thyroid, white and lobulated m form, and 
portly situated in and partly out of the chest. 

Closely connected with the suh-lumbar region and the great 
curvature of the stomach is a large vascular ductless gland, the 
spleen. The spleen in the horse is falciform m shape, violet- 
blue to red in colour, soft and elastic m texture. This gland is 
really a floating gland, hut is lightly attached by the great 
omental peritoneum and by a suspensory ligament It is on 
organ that vanes much m size, even in the same ammal, often 
becoming abnormally large. In the horse it weighs 32 ounces 
It IS well supplied with blood-vessels, and is almost solid 
Curious pale patches are found in the pulp that constitutes 
the majority of the organ, called Malpiyhian corpuscles, de- 
veloped in the course of the small splemc artenea It is portly 
employed in manufacturmg red blood- corpuscles and in de- 
stroying the same. Some physiologists look upon it as a 
swelling or pouch of the portal vein. 

The peritoneum (fig 191). — ^The organs and parts of the ali- 
mentary canal are partly supported by a thm membrane, which 
may he double owing to folding, called the peritoneum. This 
serous membrane lines the walls of the ahdommal cavity, and 
from thence passes to and around the visceral parts There are 
then two kinds of pentoneum — the panetal (Pp), which is 
applied to the body wall, and the visceral ( Pi ), which supports 
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the internal etructureB The chief parts of this visceral peri- 
toneum are the great omentum the liepato-gastnc liga- 

ment (L)y the mesentery (M), and the meso-colic mesentery 
The omentum is the large fold that connects the stomach with 
the small intestine (3), and is often laden with fat , the hepato- 



Fro 101. — ^THaoRBnaAii, LoNorrcTDiNAL, and Mkdian Bkction of Abdominal 
Oavitt, to show Peeitoncum 

1, Liver , 2, Btomnch , 8, small intestine , 4, origin of floating colon , 6 , rectiini , 6, 
vagina and uterus , 7, bidder , 9, posterior aorta , 10, cllaphroim , 11, post vena cava , 
12, inferior abdominal wall , J^, Pp, parietal perltonen in , Pa, Pv, visceral peritoneum , 
Zi, licpato-gostrlc ligament , mesentery , Ge, great omentum (Chauveau ) 

gastric ligament joins the liver to the stomach, the mesen- 
tery supports the colon, and may also contam adipose tissua 
Eectum (6), vagina (6), and the bladder (7) are also surrounded 
by it. 

Situated m the thoracic cavity wo shall note two important 
structures — ^namely, the lungs and heart (fig 190, Lu and II). 
The respiratory m'gans are absolutely necessary for the main- 
tenance of life, for life requires not only the absorption and 
assimilation of nutritive matters, but also oxygen from tlio air 
to enter into the circulation of these matters. In animals with 
red blood this element m mixing with the nutritive fluid com- 
mences by expellmg COg, and communicates to that fluid its 
bright red colour. This produces the combustion that partly 
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forma animal heat It also exercises on the organs a stimulat- 
iDg action, without which the animal tissues cannot manifest 
their true properties. The organs that carry out this act of 
respiration in mammalia are the lungs They take m oxygen 
from the surrounding air and pass out in return CO 3 . These 
organs of respiration, so essential to aiaunal life, are closely 
shut in, in the thoracic cavity, and are connected with the air 
by, first, a oortilagmous tube (fig 192, Tr) ansmg in the back 
of the pharynx, and, secondly, by the two nasal camties These 
latter open into the back of the mouth by two openings, the 
soKjalled posterior nares, and to the air by the nostrils. 

The whole organs of respiration may be divided mto four 
sections — (1) the nasal cavities, (2) the larynx, (3) trachea 
and bronchi, (4) the lungs. 

In the horse we shall notice very large nostrils : owing to the 



Fio. 192 .— Mediant LoNomroiNAL Section or Hbap and Uppbb Past op 
Neck or Hobse. (After dmavean.) 

A, Nasal septum , T, tongue, with hard palate above , Ap, soft palate , Es, frontal 
boiiQ and sinus, Pu, posterior nares, Ep^ eplgloti^, 0, cerebrum, 06, corebollum, 
or^clpltal bone , Ii, loiyns , Tr, trachea , 0, oesophagus , Sp 0, spinal chord , OiA and 
Ovii, atlas and axis. 

structure and size of the soft palate (fig. 192, Sp) at the back of 
the mouth, the horse can only breathe through the nasal cavities, 
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hence their size. We, however, with a smaller soft palate, can 
breathe through our mouth. The nasal fossae are lined by a 
sensitive mucous membrane, part of which is oKactory in 
function. Closely connected with the nasal cavities are a 
number of winding spaces excavated in the substance of the 
bones of the head, on the hmits of the cranium and face, and 
around the ethmoidal masses which they envelop These 
cavities form the so-called sinu& [Fi)^ which increases the area of 
the skull for the attachment of muscles and for lightening its 
weight. In the ox the frontal smus is prolonged into those 
bony cores that support the horns Opemng from the back 
of the throat is a sht-like aperture, the glottis^ partly protected 
by a iiap-hke portion, the ^glottis (^) On each side of the 
opening are placed internally the two vocal cords. These two 
elastic bonds project within the larynx (L), and between them 
mclude the space forming the glottis 

The laiynx is the organ of voice, and it also admits air 
durmg respiration It is practically a cartilagmous box 
flattened on each side. Entering into its composition are 
five pieces of, cartilage, numerous muscles, nerves, blood-vessels, 
and a Iming of mucous membrane. This organ dilates and 
contracts. When paralysis sets m, causmg very rapid move- 
ments, it produces the so-called “roai’mg” in horses 

The trachea {Tr) is a flexible tube arising from the base of 
the larynx, and is supported by a senes of mcomplete C-sbaped 
cartilagmous nngs. It passes between the two first nbs and 
enters the chest, arriving above the left auricle to the right 
of the big blood-vessel, the postenor aorta, where it bifurcates, 
forming the two bronchi. Each bronchial tube divides up 
in the lungs, sending out an innumerable number of small 
branches, resembling a tree embedded in the substance of the 
lung 

The thoi'ox or chest, in which the lungs and heart are 
situated, forms a cavity shut in by the nbs, backbone, dior 
phragm, and sternum. The thorax la lined by two serous mem- 
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branes, called the jpleurcp. Port of these memhranos surround 
the walls of the thorax, part the lungs themselves There is 
one pleura on each side Although the two pleural sacs are 
apparently distinct, they are no doubt connected by a minute 
oiiening in the mediastinum 

The lungs are spongy in texture and are two in number, 
each lying in a separate serous sac. The right lung is loiger 
than the left — the heart bemg lodged in an excavation between 
the two. The lungs are very vascular. Blood is sent to them 
by the pulmonary artery, which comes impure blood to the 
lungs from the heart* here this impure blood is oxygenated, 
and sent back to the heart by the pulmonary veins These are 
functional vessels: there aie also nutrient vessels, the lym- 
phatics, which not only lie around the outer portions of the 
lungs, hut also penetrate the internal lobules. 

The organs of excretion, or the urimry o? gans^ consist of two 
hidneys, ureters^ a bladder, and urethral canal. 

The kidneys eliminate the nitrogenous waste from the blood 
along with water resulting from the exercise of the vital 
functions. The kidneys are two m number, and are situated in 
the sub-lumbar region of the body, lying against the great psoas 
muscles. They are enclosed more or less completely m an 
envelope of cellular fat Support is also given to the kidneys 
by the pressure of the organs in the abdominal cavity, and 
again by the peritoneum, which underlies tlie urmary organs 
The right kidney (fig. 193, .&) is in front of the left, lying 
beneath the two last nbs, the left just beyond the last pair. 
They also vary in shape and size, the right one being heart- 
shaped, and weighing about twenty-seven ounces, the left one 
(A) IS kidney-hean-shaped, and about two ounces lees On one 
side IS a deep notch called the hUus The outside of the kidney 
IS smooth and red in the horse ; very different is the kidney of 
the ox, which is lohulated. Prom the hilus anses the ureter or 
tube which conveys the xmne from the kidney to the bladder 
The ureter (a and &), which ongmates in the so-called pelvis 
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of the kidney, is a thin-walled tube about as thick as a goose- 
quill. 

The hloflfler (D) is a membranous sac in which the urine is 
stored up The pelvic cavity retains tins reservoir, which may 
extend into the abdominal cavity The ureters open into the 
lower portion of the bladder, which becomes constncted pos- 
teriorly mto a kind of neck In front the sac is rounded, and 
here may be seen a scar, the spot to which a foetal structure, the 
uraclvus^ was attached tlhis urinary sac is united to the 
pelvis, to the rectum, and , to the vesiculee seminalea in the 
horse, and in the mare to the uterus and vagina From the 
neck of the bladder arises the urethra {K and L\ which carries 
away the urmo to the exterior. The urethra is also the duct for 
the gemtal products in the male, and more or less so m the 
female There is thus a connection between the urinary and 
reproductive organs They are often spoken of umtedly as the 
ui(h-genitol orgam 

The gmital organs (fig 193) in the male consist of two 
glands, the testicles {E) and the epididymis (e), vas deferens 
(F), vQSiculffi seminales (S’), ejaculatory ducts, urethral canal, 
prostate (7) and Cowper^s glands (7), the corpus cavemosmn 
(M), and the penis (iV). The testicle are abdominal m the 
foetus, but later descend into a sac, the scrotum, lying at the 
bottom of this sac and supported by the spermatic cord These 
glands, which produce the male cells or spermatozoa, are oval 
bodies, made up of a largo number of lobules, each lobule 
lieing composed of two or three long tubes, seminiferous tubes, 
often over a yard m length. Closely applied to this testis is 
the elongated ^ididymis^ which is made up of from twelve 
to twenty tubes, united mto one twisted tube, from which 
springs the straight vas defea^efiis^ a canal as thick as a goose- 
quill in the horse. Situated just above the bladder are two 
oval glandular pouches (jff), m which spermatozoa ore stored, 
and which also add a fluid to the semen The egamlatorg duct 
18 short, and succeeds the narrow canal of the vesicula after the 
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latter opens into the 7 as deferens. The urethra has erectile 
walls, and begins at the bladder and ends at the tip of the 
penis, the erectile tissue commencing towards its end portion 
The single prostate gland (7) lies across the neck of the bladder 
Goyypei^a glands {J) are two m number . they secrete fluid 
which is poured into the urethral canal just before the ejection 
of the semen The ccrjpm caven*mmm is the eroctde body which 
pas^s up the penis from its base to its tip and supports the 
urethra. There is considerable variation in the sexual organs of 
animals, into which we cannot enter. 

The female organs (fig. 194), as seen in the mare, consist of 
two secretory oigans, the ovaries (3), oval bodies lying just 
behmd the kidneys in the abdomen. The ovaries he free and 
detached in the body cavity. Closely applied to them are the 
oviducts, which expand near the ovaries into funnel-shaped 
bodies. The oviducts are very small tubes lodged in broad 
hgaments (4), about as thick as a straw. They open into a 
large sac, the ut&t'us (1 and 2), the space m which the embryo 
develops This membranous sac Hea in the sub-lumbar cavity 
of the abdomen, and consists of the body and two so-called 
“ cornua ” or horns of the uterus. The cornua pass amongst the 
intestines, the uterus being supported by the broad ligaments, 
the rectum (13), and posteriorly by the vagma (16) The mner 
walls of this cavity are Imed by mucous membrane , outside there 
18 a serous layer, and between a thick muscular layer. Prom the 
uterus proceeds the vaginay a thin tube which termmates m ’tbe 
vulva or external onfice Inside this orifice is found a solid 
body from two to three inches long in the mare, the ditonsy 
which protrudes mto the vulvular cavity, and which is erectile 
The ova are dehisced at certain periods, the periods of menstrvr 
atioTiy “heat,” or “rutting.*' 
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The Hea rt CmouLATioN of the Blood. 

The circulatory apparatus consists of a central muscular heart 
and three sets of vessels 

Two fluids are found m connection with the circulatory ap- 
paratus — VIZ , blood and lymph. Blood is of two kinds, arterial 
and venous. The former is pure and red, the latter impure 
and dark. Lymph consists of a white to pale yellow fluid, 
and contains lymph - corpuscles Intimately connected with 
this lymiih is chyle Chyle is a fluid that comes from 
the walls of the alimentary canal, it is lymph charged 
with nutritive matter Lymph is blood mmus the red blood- 
corpuscles Chyle IS lymph plus fat, &c. We can detect 
three sets of vessels, as follows : (i) extend from the heart 
to all ' parts of the body, and which contam red blood = 
arteries, (n) pass from all parts of the body to the heart, 
and which contain dark blood = , (ui) pass from the 

majority of organs and walls of mtestines to one of the veins 
= lymphatic vessels. 

The heart is a muscular box, by means of which the 
blood is circulated or pumped throughout the whole system 
The muscle composing the heart is peculiar m structure , 
it is known os cardiac muscle, and is cubical in form and 
striated, and of course mvoluntary m action The heart 
lies in a sac closely apphed to its walls, the 
and IS bathed by a fluid, the pericardial fluid There are 
four distinct chambers, the two upper are the auricles (fig 195, 
LA and RA), the two lower the ventricles (V) The auricles 
receive the convergent tubes, the veins, the ventricles give 
origin to the divergent vessels, the arteries. The right and 
left sides of the heart are quite separate, but the two cavities 
of each half ore in connection, the openmgs being guarded by 
valves. The opening from the right auricle mto the right 
ventricle, the “ auriculo-ventricular ” opening, is closed by^the 
incuspid valves, which consist of three fibro-muscular flaps , the 
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opening between the left auricle and ventncle by the mitral 
valve, which has two flaps only The auricular portion can be 
told from the ventricular by an external conatnction. From 



Pio 105 — DiAGiUM oiT Tins CmacfLATioN OP THE Blood 

ZA and RA^ Left and right auricles , F, ventrtclGS , L, lungs , liver , 7, lutes- 
tines , A VO, onteriop or superior veua cava, P vo, posterior or Inferior vena oava , A a, 
aortlQ arch, A ao, P ao, anterior and postoilor aom. Pa, hepatic artery, ifv, hepatic 
Aeln, Pv, portal vein, Pu.A, pulmonary artery, Pu,v, pulmonary veins , Po, posterior 
capillaries, 'Id, thoraclo dnet 


these chambers arise the blood-vessels. In the right auricle 
(RA) we find three tubes — (i) the superior vena cava {Avc) , 
(ii) the irtferio'i' vena cava (F.vc) , (in) numerous small veins 
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from walls of the heart In the right ventricle we find a vessel, 
the jpylmonary artery {Pu,A ) , in the left anncle the pulmona^'y 
veins {Pu V ) , and in the left ventricle the opening of the great 
aoi ta {A ao and A a) 

Let us now trace the course of the blood during circulation. 
The right auricle receives the venous blood from the head, neck, 
and anterior extremities by the superior vena cava ; it also 
receives venous blood from the lower parts of the body by the 
inferior vena cava. The right auncle then, holding venous 
blood, contracts, and by so doing expels the blood through the 
tricuspid valves into the right ventricle. The right ventricle 
then empties itseK by contracting, the blood bemg forced 
through the semi-lunar valves into the pulmonary artery, which 
carries the venous blood to the lungs , here the artery splits up 
into a number of minute tubes, the ca;piMa7*ies, composed of 
single-ceUed walls, thus bringing the red blood-corpuscles in 
close contact with the air Another set of capillaries also arise 
m the lungs , these unite after collecting the blood, and form 
several pulmonary veins, which carry the blood back to the left 
auricle. During the passage of the blood through the lungs the 
venous blood gives up its CO3, which passes through into the 
pulmonary alveoli, and so out by the respiratory tubes i at the 
same time it takes up the oxygen m the inspired air The 
venous blood of the pulmonary artery thus becomes converted 
into arterial blood, earned back by the pulmonary veins to the 
left auricle The left auricle when fuU contracts and drives the 
arterial blood through the opening and mitral valves into the 
left ventricle. From the ventricle the arterial blood is pumped 
into the aorta, which sends one branch to the anterior regions 
and one to the posterior, carrying the pure blood to the organs 
and system generally In the organa, &c, these two large 
arteries with their mmor divisions break up into capillaries, the 
blood being collected again by other capillaries which unite with 
the superior and inferior venae cavae, and so back to the right 
auncle, from which we started, the course of the circulation 
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in this way completing its circuit. We thus see that then 
are two systems — one the “ pulmonary system,” the other th( 
‘^systemic” circulation. There is also another system callec 
the “ portal '' system, which consists of a vein, the portal veit 
(Pw), which runs from the walls of the intestine (7) to the 
liver {Li). This latter oigan is supphed by an artery, the 
)iepatic artery, and a vein, the hepatic vein, besides the porta] 
system. The kidneys have a renal artery and vein coming fron 
the aorta and going to the vena cava. 

Lastly, opening into the mferior vena cava near the heart h 
seen another vessel, the thoracic dud {Td) , this arises m the 
walls of the intestines in the so-called lacteal system^ and poura 
the nutritive fluid derived from the food into the bloodTsyatem. 

The blood during its passage through the organs oozes 
through the extremely thm capillary walls The cells of the 
organ obtain the nutritive elements from this, and leave behind 
a watery fluid cojled lymph This lymph does not return 
directly back into the blood, but is drawn away from the organs 
by a senes of tubes which originate as minute blind canals. 
These lymph-spaces unite mto the so-called lymphatic ductp or 
veins, which, like the blood-veins, are fui’nished with valves to 
stop the backward flow of the fluid to the lymph-spaces 
Eventually the lymph empties itself into the venous hlood- 
syst^m,. and so into the right auricle of the heart The lacteals 
and thoracic duct are part of this lymphatic system, but 
specially modified for the conveyance of the chyle to the blood 
This lymphatic system is almost as important as the vascular 
system, for the blood is partly dependent upon it 

^sources of Hood are five in number, as follows — 

1. ]prom material absorbed by the lacteals in the primary 
digestion ,of food (chyle). 

2 From soluble matters — such os water, sugar, and peptones 
— absorbed by the blood-vessels, and sent first through the hver. 

S From matter formed by certam blood-glands, such as the 
spleen, efee, 
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4. rrom materials derived from the tissues — products of 
decomposition, and solution of portions of these tissues due to 
their vital activity (lymph). 

5. From a small amount of matter that may be absorbed by 
the skin. 

The blood gives up its waste nitrogenous material m the 
kidneys, water is also lost by its progress through the same 
organs, as well as various salts The skm also yields water and 
salts derived from the vascular fluid. The CO 2 and aqueous 
vapour are passed out in the pulmonary sacs, whilst the oxygen 
is absorbed by the blood in the same area. Blood ako loses 
material during its passage through the organs, &c., for their 
constructive purposes. This waste is counteracted by the five 
methods named above, from which the blood is bmlt up and its 
losses repaired. 

The nervous systefin is divided mto two distinct portions — 
the most important being the “ central ” nervous system, the 
spmal cord and bram Th^ other is the ‘‘sympathetic ” nervous 
system The organs of the body are under the control of the 
nervous system Muscle and nerve are intimately connected; 
each muscular act is preceded hy a nervous act : sometimes 
these acts are voluntary, at others involuntary. The move- 
ments of the muscles of the limbs, &c , are voluntary acts , the 
muscular movements of the heart and intestines are involuntary, 
and yet both are caused by nervous mechanism. 

The brain and spmal cord form the central nervous or 
cerohro-spinal axis. The brain is deposited m the cavity of 
the skull, the cranium , the spmal cord is protected by tlie 
bony vertebrae, and hes m the neural canal The cerebro-spmal 
axis 18 surrounded hy three membranes — the durarmate)\ the 
aracknoid^ and tbe jpiOrmater The dura-mater forms the ex- 
ternal layer next the hone of the skull , the arachnoid is a 
serous layer , whilst the pia-mater closely mvests the bram and 
nervou^ axis, forming a nutrient membrane. The bram vanes 
much in weight in different animals m the horse its normal 
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■PiQ 190 — BnArw op Hohsb (dorsal viow), J nat slae 

3, Medulla oblougnta , C^, middle lobe of cerobollutn , C^, lateral lobes of cor§bel- 
a , 0, olfactory lobes , 1, great longltLidlml ilssme of cerebnmi , S-14, Ussures and 
ivolntiona of the cerebral hemispheres (Ci-anveaiL) 
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weight IS about twenty-two otmces, in the sheep about five 
ounces It la ovoid in shape. Viewed on its superior surface 
(fig 196), we shall see the following areas, starting from behind, 
where it joins the spinal cord * The medvXla or uthmiis (B), a 
kind of white peduncle running into the brain, the prolongation 
as it were of the spinal cord . following this is a grey trilobed 



Fio 107 — Beain of Honas (ventral view). 

OZ, Olftictorj lobes , Cl and C2, cerebrum , C6, corebeUum , Jlf, medulla , Op C, optic 
cliiosnm , Pt, pituitary gliiuil » Cc, ciiira cerebri , P, pous VaroJll , 1>10, roots of cranial 
nerves. 


mass, the cei^ebdlum (C), and in front of the cerebellum are seen 
two other lobes separated by a deep fissure from the cerebellum 
and from one another (1) ; these two lobes are the cerebral lobes, 
the whole fonning the cerebrum (2-14) The cerebral hemi- 
spheres are more or less convoluted. On examining the under- 
surface of the brain (fig 197) it will be seen that the peduncle 
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runs through the base of the cerebellum and enters the cerebral 
hemispheres close behind two thick white cords, the optic nerves 
{Op G) Further portions of the isthmus and other parts of 
the bram are named in the figure (fig 197) 

Both from the braiil and spmal cord nerves are given off to 
the various ports of the body. Those commg from the bram 
are called cranial nerves^ those from the spinal cord ^inal 
nei ves , both groups are always paired. There are twelve pairs 
of “ cranials,” as follows : — 


1st pair 

Olfactory nerves (fig. 164, 1). 

2nd II 

Optic nerves (2). 

3rd II 

Oculo-motor nerves (3) 

4th II 

Trochlear nerves (4) 

5th M 

Trigeminal nerves (5) 

6th It 

External oculo-motor nerves (6) 

7th II 

Facial nerves (7) 

8 th II 

Auditory nerves (8) 

9 th II 

Glosso-phoryngeol nerves (9) 

10th II 

Yagus or pneumogastric nerves (10) 

11th II 

Accessory nerves (10) 

12th 11 

Hypoglossal nerves. 


The olfactory constitute the olfactory lobes in the brain , 
they pass to the nose and form the sense of smell (fig. 197, 01). 
They arise from two roots at the brain. Impressions of odours 
ore received by them and are transmitted to the brain The 
optics are, of course, the nerves of sight • they cross one another 
and form the optic cliiasma (fig. 197, Op C). The third and 
fourth pairs axe for the movements of the eyes The tngeminal 
arc a very large pair, have many branches, and are connected 
with the sympathetic system They arise by two roots, one 
sensory, while the other contams motor fibres, there being a 
ganghon on the sensory root. The sixth arises by five to eight 
roots from the medulla, and also supplies the eye-musclea The 
facial nerves are motor in ongm, but receive sensory fibres ; 
they excite the contraction of the muscles of the face in general 
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and some of the salivary glands ^ they are vaao-motory and 
oxcito-secretory m function. The auditory are the nerves of 
hearing ; they spring from the medulla by two roots. The 
ninth pair go to the tongue and take part m the sense of taste 
The vagus is the most important; it has both sensory and motor 
roots, and suppbes the stomach and respiratory organs. The 
eleventh arises with the vagus and supplies the intercostal 
muscles The last, the hypoglosaals, again, supply the tongue, 
acting on the lingual muscles. 

The spinal nmes. The spinal nerves leave the vertebral 
canal by the intervertebral foramma and proceed to the various 
organs. There are forty-two or forty-three pairs, as follow's ' 
eight cervical pairs, seventeen dorsal pairs, six lumbar, and five 
sacral , the coccygeal vary from six to seven pairs. The spinal 
nerves differ from the cranial in that they all resemble one sm- 
other at their origin. There are always two roots, one being 
motor, the other sensory, in function The two roots unite into 
a thick tnink in passing through the foramina of the vertebree, 
and tlien divide again into two branches, the superior branch 
gomg to the spinal muscles and integuments covering them, the 
infenor branch passing to the lateral and lower parts of the 
trunk or to the Imibs All send from their inferior branch one 
or more nerves to form the gi*eat syin pathetic system. On tlio 
face of the sensory root is found a ganglion The superior 
branches of the cervicals go to the obhque muscles of the 
head, the cervical muscles, and here they anastomose, forming 
a kind of network, the cervical plexus. The inferior branches 
cover the anterior lateral parts of the neck and muscles of the 
breast, and form another plexus, the supeft^ficial cervical plexus. 
The last two mix with those of the dorsal region, and form 
the hracliial plexus The dorsal nerves send their superior 
branches to the muscles and skin of the dorsal lumbar region, 
their inferior branches liO the pleurm and mtercostal muscles. 
The lumbar send the superior branches to the spinal muscles 
and the integument of the loms and croup, the inferior 
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branchea to the muscles of the abdomen and muscles of the 
flankj to the testes and “stifle-joint*'; and the last two form a 
plexus. The sacral send their superior branches to the muscles 
at the side of the sacrum, and their inferior branches to tlie 
pelvic cavity, and to the anus and perns. The coccygeal 
supply the tail. 

The 8ym;patlieli6 n&i'vovs system consists of a number of gan- 
glia which are detached from the central nervous system but 
connected with it by nerve-fibres. This nervous system con- 
sists of a chain of gangha on each side of the spinal cord 
This system controls the vascular system, and thus affects 
animal heat . it is also connected with mvoluntary muscular 
action. 
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CHAPTEE XIIL 

CLASSIFICATION OF THE ORANIOTA. 

A THE lOHTHYOPSIDA. 

The Cramota are divided into five great classes — the Pisces, 
Amphibia, Re^tilia, Ates, and MammalicL There are two 
ways of classifying these five sections One was formulated 
hy the late Professor Owen, who divided them into two 
primary sections, the Hcmiatociya and the the 

distinctive features being taken from the blood. The Hcemato^ 
crya, or the Fish, Amphibia, and Eeptilia, have an imperfect 
circulatory system, there never being four distinct chambers to 
the heart These are called Cold-blooded Animals The 
Hoematotherma are the Aves and Mammalia, in which we 
always find four distmct chambers to the heart and a complete 
pulmonary and systemic circulation Circulation is rapid. These 
are the Warni-blooded Animals. This division is an unnatural 
one , for we find placed m the two separate groups the Birds 
and Eeptilia, which to a certain extent interlace when we ex- 
amine the fossil species m the rocks, and which even in existing 
forms present some analogous structural features. 

Huxley divided the Craniota into three sections, as 
follows — 

A. Ichthyopslda = Fish and Amphibia. — Tht3se have always 
gills or branchiae at some period of their life, and their blood- 
corpuscles are nucleated The embryo has never that foetal 
membrane called the amnion, and the allantois when present 
IS only rudimentary. Diaphragm absent. 
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B Sauropsida = Birds and Eeptiles — There are never found 
brancliisB in either of these classes, and the embryo is provided 
with both an amnion and allantoic membrane The red blood- 
corpuscles are nucleated, and the skull always articulates with 
the vertebral column by a single occipital condyle, whilst the 
lower 3aw has always a bone between it and the skull called the 
guadrate bone Diaphragm never complete 

C Mammalia = Mammals — These have always two condyles 
on the skull for articulating with the vertebral column The 
lower jaw, wluch is composed of two bones only, articulates, as 
we saw in the skeleton of the horse, direct with the skull, 
the quadrate bone not being present in its normal position In 
mammals it has become attached to the auditoiy apparatus. 
Lastly, there are always developed in the female special ventral 
glands — the mammary glands — for the nourishment of the young. 
Diaphragm forming a complete septum. 


A. ICHTHTOPSIDA. 


I PisoES OE Pish. 


Fish are aquatic vertebrate animals which breathe entirely by 
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Fio 198— The Pjcacii (Ferca fiuvitttiLia)^ aldlflontoan 


ji, Pnlretl iiectoTsl flua ; v, paired pelvic Ann , d nnd 
0, anal tin , o, operculom , Z, lateral Hue (NicholBon ) 


tf, dorsal flnfl ; o, caudal fln ; 


meaua of gtUs (except m o few ounous specially jnodifieil species, 
Bueh as the Climbing Porch, Ancdm) The gills are covered by a 
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bony plate, the ojpet^culum (fig 198, o). The limbs when present 
are represented by fins , and the heart, except in one group, the 
Dipnoi, consists of two chambers only, a single auricle and a ven- 
tricle The blood inns back from the body into tlie auricle (a), 
and from thence through the ventricle 
it ]S sent to the gills (It) to be purified 
Drum the gills it runs on as aitenal 
blood to the various parts of the body, 

The blood is only pumped to the gills , 
thus the heart is a purely respiratory 
one. A skeleton is always present, 
either bony or cartilaginous In the 
lowest fishes — ‘Sharks, Eays, &c— it 
IS cartilaginous, in the more highly 
developed fish — Teleostei — it is bony. 

The sexes aie always distinct, ova or 
spawn being deposited by the females 
The young fish or “ fry ” are hke the 
parent^ a few, such as the Lam- 
preys, have a kind of metamorphic 
development The embryonic fish has 
no amnion, and the allantois, which is 
represented by the urinary bladder, is 

always rudimentary. Alost fish are „ „ _ > ^ 

. _ , , , V. Fin 109 — Diaoram op the Ctr- 

covered by scales, which are formed oulation in Fishes 

by the dermal or under layer of the 
skin. The vertebr® are always hi- SSrtt ’ (NlcSonV" 
concave or amphiccelous, the concav- 
ities being filled in with notochordal matter. In the cartilag- 
inous fishes, such as the sharks, we can see the vertebreo being 
drawn into the skull to take part in its formation. As, with 
one or two exceptions, fishes are aquatic creatures, and as tliey 
are of no importance agriculturally (except as manure ^), we may 
thus summarily dismiss them 

^ Fish are often used as manure in hop-gardens, &c. , in littoral regions 
when there bos been a large glut on the market. 
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II Amphibia {Fiogsj Toads, and Newts) 

Amplnbia mcludo the Frogs, Toads, Water -Newts, &c 
Tlieso must claim our attention for a while, as all three are of 
much service to ua as a means of keeping in check many noxious 
insects, not to mention slugs, snails, and other so-called vermin. 

Amphibia resemble fishes in that they always have gills during 
some part of their life; but, as a rule, these gills are not 
persistent On the other hand. Amphibia have generally lungs 
in the adult form, and their limbs are never in the form of fins 
as in the Pisces ; even the median fin-like structure seen in 
Salamanders and Newts (fig 201) is not a true fin, for there are 
no fin-rays such as we find in fish The limbs, in fact, approxi- 
mate in structure to those of the higher vertebrates, whilst the 
skull always articulates by two occipital condyles with the spinal 
column. The heart also differs from the heart of fish, for it 
consists of three chambers — namely, two auricles and one 
ventricle.^ On dissectmg a frog, which can be taken as the best 
type, one will at once observe that the rectum, ureters, and the 
ducts of the reproductive organs open into one common chamber, 
the so-called doom. 

Lastly, the Amphibia develop by a metamorphosis, some- 
times very marked, at others obscure, but always present 
The larvsa are provided with gills, which usually disappear, 
givmg place to lungs, m the adults Some Amphibia do retain 
the gills persistently, such as the remarkable Axolotl {Szredon 
pisGiforme) of the Mexican lakes, which may attain the adult 
stage whilst still retainmg its gihs. In captivity, as the author 
has found m two cases, the Axolotl may lose its brnnchira and 
become terrestrial under forced circumstances , whilst other ova 
of a similar brood kept at the Brighton Aquarium remained with 
persistent gills. 

The two chief groups of Amphibia are the Urodela and Anoura 

^ The Dipnoid fish have a small second auricle These so-called “ Mud- 
fish ” of Africa and S America are transitional between Fish and Amphibia. 
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The Urodela are the Tailed Amphibia, the larval tail being 
retained throughout life they have a smooth naked skin 
and a compressed or cylindrical tail, and their vertebrm are 
both amphiccelous and opisthocoeloua. To this division belong 
the Tritons or Water Salamanders or Newts, and the true 
Land Salamanders. The Anoura are the Frogs and Toads, 
or the Tailless Amphibia, which are destitute of gills in the 
adult state, and always devoid of a tail , both structures, how- 
ever, are present m the larva Anonra have always two pairs 
of limbs, procoelous dorsal vertebrae with large transverse pro- 
cesses, serving the functions of ribs, which are absent The 
radius and ulna and the tibia and fibula ore anchylosed together. 
The posterior limbs, which are the larger, have usually the feet 
webbed and adapted for swimming. The heart of the Amphib- 
ian is a stage higher than that of fishes Although it is com- 
posed of three chambers, two auricles and one ventricle, in the 
adult, the larval heart is the same as in fishes. The blood in the 
adult IS received from the lungs in the left auricle and from the 
body in the nght auricle, both emptying mto the single ven- 
tricle, which therefore contains mixed arterial and venous blood, 
and this mixed blood is pumped to both the lungs and system 
The larva has only a two-chambered heart, the blood bemg 
driven to the gills, through them, and ou to the system ; but as 
the gills begm to give place to lungs, little branches pass off 
from the branchial vessels, which unite as the lungs increase 
and carry part of the blood to the pulmonary sacs. Event- 
ually the gill supply may cease, the entire blood going to the 
lungs, when we get a third chamber formed in the heart m the 
form of another auricle. Other Amphibia have both branchial 
ind pulmonary supplies permanent. The blood -supply then 
bemg mixed, oxygenation is comparatively slow, and thus little 
leat is generated, the Amphibia, like fishoa, bemg cold-blooded 
vertebrates. 

The development of an amphibian is best seen in the frog. 
Che spawn, which is deposited m masses in the water, is sur- 
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rounded by gelatinous discs, the black ovum (fig 200, 1) being 
seen as a small round body m the middle. The young (3) ’virheii 
hatched and free from the gelatinous envelope attach themselves 
by two suckers to the jeUy of the spawn The young Tadpoles 
axe very like “tailed amphibia,’^ and in their eaihest stage have 



Pro 200 —Development of the Froo 

1 iiTid 2, Ova, 3-5, tadpoles , 0, peUod when llrat pair of logs form (pontoilnr pair) 
Y, both pairs of legs present (Urodela stage), 8, tall disappearing, 0, adult frog’ 
(Nicholson.) 

both internal and external gills (4) The tail is long, thin, and 
fish-like, hut there are no fin-rays The external gills 6oon dis- 
appear. The upper and lower jaws become hardened, and form 
a kind of beak. By degrees small hiid-hke outgrowths appear 
between the body and tad, which gro^^ out into the l^Ad-linibs 
(6), which are always the first to jappear in the Frogs and Toads. 
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The fronfc limbs are formed later as buds m the branchial 
cavities. The next stage of the tadpole is just hke a tailed 
amphibian : the tad^iole tail still exists with the four limbs, as 
we see in the newt (7). Dui’ing this metamorphosis more and 
more of the blood-supply is passed to the pulmonary sacs as the 
larva develops, and when the adult stage is reached, and the 
creature becomes purely aenal and terrestrial, all sign of the 
branchial circulation has become obliterated bjr a gradual process 
of elimination The tail eventually disappears (8, 9). 

The adult Anoura are all fond of damp situations. Their 
aTtiti is moist Tlie adults always feed upon insects, slugs, 
worms, &c. Anoura or Tailless Amphibia have a soft skin, 
with rarely any trace of exoskeleton. The two chief groups 
are the Bufonidcs or Toads and the Ranidm or Frogs. The 
Toads have no teeth m their jaws, and always a tongue. 
The hmd-hmbs are not so very abnormally developed, the toes 
being only imperfectly webbed, the toes of the forefeet are 
always free, and the skin is rough and granulated. The two 
Enghsh species are the Common Toad (Bufo vulgaris) and the 
ITatterjack {B calamita) The latter, which is a large toad, is 
somewhat local Bvfo mdgans is a most beneficial animal 
when kept m greenhouses it does an enormous amount of good, 
clearmg off slugs, snails, and other vCinmn of a night. 

The Toad catches its prey only when it is moving The 
tcmgue IS then thrown forward, and picks up the fiy on its tip 
and returns it to the throat Toads live to a great age. The de- 
velopment is much hke that of the Frog, but the eggs are laid 
m two long stnngs, the ova being surrounded by a gelatmous 
substance and placed alternately. Sometimes these strings of 
eggs reach four feet m length. They hatch out later than 
Frogs, the larves not maturing until August or September 

The Natterjack can bo told by having a pale line down the 
back , Unlike the Common Toad, it le quite active and often go 
in pairs It is found in dry places, only going to the water to 
breed. In places where it occurs it is often common At onb 
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tune the ^Natterjack was common in many localities around 
London. It can at once be told by its olive tmt, darkened 
on the flanks with a marked pale yellow stripe runnmg down 
the back, the under paits yellow, with black spots, and there 
are dark bands on the legs Ihe warts on the dorsum are 
reddish-brown. 

In the Ramdcb or Frogs the upper jaw carries teeth The 
hind-legs are enormously developed and adapted for leaping, the 
toes always webbed , the toes of the fore-limbs are free. The 
Common Frog {Rana tempoi'ai ia), which is our common species, 
IS found over nearly the whole of Europe, North Asia, North 
Afnca, and North America. The adults hibernate m all manner 



Vio, SOI,— Male Oaestbd Newt (Triton oHstataa), (Niobolson.) 

of moist situations — especially in mud, in dykes, and pools — 
until the spring, when they come forth and soon commence to 
breed and to deposit the gelatinous spawn in large masses in the 
water The development and growth of the tadpole have been 
previously described 

The Frog often wanders far from water, but they must have 
a certam amount of damp to flourish They are moat beneficial 
in gardens, feeding off aU kinds of vermin, and should be 
encouraged with the Toad. 

Amongst the Urodela we have in Britain two well-known 
species, the Great Crested Newt {Triton ariatatus) and the 
Common Newt or “Eft” {Lisaoiriton tceniatua) The Water- 
Salamanders or Tritons have a compressed fish-like tail, and 
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breathe only by lunga. The tongue is small and free, and the 
mouth IS provided with two rows of teeth. There will be 
observed, if we examine a crested newt, to be four toes only to 
each foot in front and five on each foot behmcL All water- 
newts produce oviparously, and the males can be distinguished 
by having a large dorsal crest on the back and tail This crest 
appears during the breeding season, and partly goes as soon as it 
is over, i^'ewts develop very similarly to frogs j but they retain 
their larval tail, and the fore-limbs always appear before the 
hind-limbs. The eggs are laid singly on water-plants, often 
surrounded by the leaf Like toads and frogs they live upon 
many noxious creatures. 

Two other species of f^’owts are recorded as British — namely, 
the Palmate Kewt ^ {Lophinv^ Bum. and Bibr ), and 

Gray’s Banded ITewt {Ommaiotnion Gray), according 

to Cooke ^ The former is recorded from Edinburgh and the 
Pen bland Hills. The latter was found near London. 

^ ‘ Zoologist/ May 3, 1848. J Wooley 

^ ‘ Our Reptiles and Batraohians * M 0. Cooke. P. 168 1903. 



370 
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B SATJBOPSIDA 
I Eeptiles. 

The Sauropsida are the Eeptiles and Birds,— the R&ptHm and 
Aves, Although there seems much diiference between a snake 
and a fowl, yet we can even m such extremes find some pomta 
of resemblance Much greater is this affinity to be seen when 
we examine extinct forms of life ; for amongst these ancient 
remains of the past hfe of the globe are found many transi- 
tional forms between the snake and the bird. These two groups 
are united together because the resemblances between them are 
greater and more fundamental than those between either of 
these groups and the Mammals on the one hand and the 
Amphibia on the other Sauropsida, like Mammals, never 
breathe by means of gills at any period of their hfe. They 
always have, as we shall see in the Embryology of the Fowl, a 
distmct amnion and allantois in the embryo — two foetal mem- 
branes also found in the Mammalia ; the red blood-corpuscles 
are also always nucleated. In the skeleton we see many 
characters common to both Birds and Eeptiles, especially tlio 
presence of the quadrate bone and the single occipital condyle in 
the BkuU. 

Eeptilia (Snakes, Lizards, ) 

The Snakes are of little or no importance to us, as they are not 
in any way directly connected with agricultuie in this country, 
and are nowhere in such abundance os to be a serious nuisance 
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to man. 2^'evertlieless, as one Bntish species, the Adder (Vtpera 
heTus\ IS poisonous, it is as well that we should refer very bnefly 
to them Lizards, however, are decidedly beneficial, for they feed 
upon noxious insects, &c. Eeptiles are all provided with a bony 
skeleton, and may or may not possess legs. The heart is com- 
posed of four chambers, but the two 
ventricles are not completely separate, 
except in tlie Crocodiles The heart 
(fig. 202) functionally only consists of 
three chambers, although we have an 
advance towards the typical completely 
four-chambered oigan The circulation 
in Eeptiles is as follows: the impure 
blood is returned from the body by the 
large veins (r) and emptied into the right 
auricle (p) \ from the auricle it passes 
on to the ventricle (y) The pure arte- 
rial blood from the lungs enters mto 
the left auricle {a!) and then mto the 
ventncle Thus the ventricle with its 
mcomplete septum oontams mixed blood 
much as m the frog, this mixed blood 
being sent by the ventricle to the lungs 
by the pulmonary artery [p) and to the 

body by the aorta (p) We thus get joj _Duaiua 
a stage higher than m the Amphibia, cuioulation in nspriLEa 

Eeptiles, then, like Amphibia, are cold- “ 

blooded animals of sluggish habita They 
reproduce hke Birds, oviparously, the 

eggs being often laid m strings , the shells may he hard, but 
are sometimes soft All the Crocodilia and most Tortoises 
lay eggs with a shell just as thick and hard as that of birds. 
Eeptile eggs are mcubated by the heat of the sun or by the 
warmth generated by decaying vegetation m which they are 
often laid. A few cases of an ovovmparous nature occur, — for 
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instance, the Common English Adder, which may retain the ova 
in the uterus until they are mcuhated. 

Many Eeptiha are provided with numerous teeth, some being 



Fio 208 — Pleubodont and Ackodokt 
Dentition 

1 , Pleurodont dentition (In crocodilefi, 
&(!.), II, aoTodont dentition (note tootli 
anchyloaed to the bone) (Brit Mus 
Guide) 

groups of Eeptiles — namely, 
Turtles , the Aace? or Li: 


connected with poisonous glands 
at their base (fig 204, d). The 
poison-fangs have a tube run- 
nmg up them, through which 
the poison is ejected when the 
snake bites. Teeth of reptiles, 
except in the Crocodiles (fig. 
203, 1 and n), are not lodged 
in sockets, as we see is the case 
in the Mammalia, but are im- 
planted in one long groove near 
the edge of the jaw. 

There are four ^existmg 
the Ghelonia^ or Tortoises and 
; the Oj^hidia^ or Snakes, 



Pig 204 —Head of Rbptilbs 



Huad or adder , B, of grosB-snake , 0, aide view of A P, polaon fangs , T, tongue 
2), poleon-bag and fang 



and the Crocodilia, or Crocodiles and Alligators Numerous 
extinct forms are found in the Mesozoic or Secondary rocks, 
a period of the earth which was choractensed by the abundant 
and extravagant forms of reptilian hfe The British Beptdia are 



REPTILIA 


373 


not numerous they include three species of snakes, namely, 
the Adder {VipeiU hei^us), the Grass-snake (T) opidonofus nah'ix)^ 
and the Smooth Snake {QoYonella Imvis) — and some Lizards 
{Lacetiiilia\ namely, the Blind -worm {Angms fiagihs\ the 
Common Lizard (Lacerta vtvipara)^ the Sand Lizard {L agtlis), 
and the Green Lizard {L mndis) 

The Adder [Vipera heinis) can be easily told from the Grass- 
snake. It has a broad head, and varies in colour from greenish- 
grey to deep chestnut brown, with a dark band of lozenge-shaped 
patches down the dorsal side of the body Sometimes entire 
black specimens may be foimd on the North Downs In length 
the odder may attam as much as thirty-two inches. The two 
poison-fangs are well developed (fig. 204, o) ; through them, by 
a small canal in each, the poison is poured into the wound they 
cause, which never seems to bleed. Very few instances of the 
adder bite have proved fatal, nevertheless the poison causes 
much pain and violent inflammation and swelling in the 
poisoned region, which may last for somo considerablo time. 
Adders are particularly fond of hillsides and heathy tracts, 
especially where the sun strikes with much wai’inth. They 
look after their young for a littlo while Often the young are 
produced alive. The food of adders consists chiefly of frogs 
and mice Strong ammonia rubbed into the wound is one of 
the best remedies for the bite 

The Grass or Binged Snake {T'i ojddonotua nairlx) (fig. 204, u) 
IS longer than the adder they have heen seen over three foot 
in length It is bluish in colour, with black and creamy-wliite 
marks on the ventral surface, and with a yellow and black 
band across the neck The eggs are laid in strings in sandy and 
dry places, and incubate by the heat of the sun j they axe also 
often buried in leaves, which hastens their development. 

The Brown or Smooth Snake (Goronella lams) is from about 
one and a half to two feet long, brown in colour, with dork- 
brown patches on the back and with a dark-hrown head They 
are not very common, and feed chiefly on Lacertilia. 

The Blmd-worm or Slow-worm {Angiiis fragiLis) (fig. 205), 
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althougli Buake-like, is a true lizard {Lacertilia\ but devoid of 
limbs. Why it is called the Bhnd-wonn is unaccountable, for 
it has well-developed eyes The habits of this snake-like Lizard 
are very interesting They appear from their winter quarters 
long before the Snakes and Amphibia. In the winter they bury 
themselves in galleries lu the earth beneath heaps of leaves and 




Fro 206 — Bund-wohm (Anguia fragilis ) — after BeU (Nicholson ) 

in banka. The chief food consists of slugs and worms, which 
they take in a very leisurely manner The young are very 
pretty — shining creamy yellow above, black below , a black 
line also running down the back which expands over the head. 
They vary from nine to twelve or more at a birth When 
frightened they can readily cast off their tail, which seems to 
retain vitahty some time after severance from the body. The 
Sand Lizard's tail breaks off similarly. 

The true Lizards call for no special comment Eeaders are 
referred to *Our Eep tiles and Batrachians,’ by M. C Cooke 
1893. 
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CHAPTER XV. ' 

B. SA.UEOPSIDA — Co'nZin'Md 
11 — Aves (Bieds). 

Bibds are oviparous -warm-blooded vertebrates, with a complete 
double circulation, and are covered with feathers. Their body 
temperature is about 104° F. The feathers are analogous to 
the hairs m mammals they are dermal outgrowths, formed in 
sacs from small papillm of dermal ongm. A typical feather 
(fig 206) consists of the following ports (1) The “calamus’’ 
or “ quill ” ((7), by which it is inserted in the dermal papilla ; 
part of the quill is hollow, the basal part being spongy in- 
ternally. (2) The “rachis” (i2), which forms the shaft, and 
which IS simply the continuation of the quill on one side the 
shaft IS grooved, internally it is filled with a soft pithy sub- 
stance. On each side of the shaft is a so-called “web,” the 
two webs forming (3) the “vexiUum” or “vane” (F) The 
vexiUum is built up of a number of “ barbs ” (B\ the barbs bemg 
united by small hook-hke “barbules,” which attach the barbs 
together towards the distal part of the feather, but not towards 
their base At the junction of the rachis and qmll is found 
a small accessory feather, the “aftei shaft” or “hyporachis”, 
this may bo large or simply reduced to a tuft of “ down,” in 
which the barbs are disconnected. The feathers vary in 
structure in different parts of the body Those of the tail 
and wings are called “ quill - feathers ” The longest quiU- 



S76 


SAUEOPSIDA (BIRDS) 


feathers are in the wing attached to the bones of the hand 
those are known as jn-miaTy feathers” (fig 207, A 1-10) 
Another senes arise from the ulna, the secondary feathers (B) 



Pro 2(W — Fsathbr op Died 
f, calainua , J2, nwhl» , P", voxlUam , B, baibs 


There is a small thumb in the bones of the wmg; this is 
also provided with feathers, and is called the bastard wing ” 
{BW), The bases of these largo wmg-feathers are covered by 
smaller feathers, the “ wing-coverts ” The tail-feathers vary in 
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numlDer • they are usually from ten to twelve, hut as many as 
twenty-four are found in some birds. The caudal feathers are 
called ‘‘ rectnces,'' and have no aftershaft, their bases are 
covered by “ tail-coverts ” Tlie body feathers cover the mass 
of “down”, these plumulse have no hooks to the barhules, 



1 / 

B 

Fro 207 —Wing op DraD 

M, hnmerufl , J2, U, radius and u]rm , M C, motacorpala , T, thumb , T 3, t^vo-joliitod 
flngor, B ir, bastard wing, -41-10, primary feathers, Ji, socondarlos 

GO the barbs are qmto free. Another form is found in the 
so-called “ filoplumes,” which consist of simply a slender shaft 
with a few harhs at the tip. K we move the feathers of a fowl 
on one side, we shall observe that they are attached to the skm 
in definite areas only , the hare intervening spaces are called 
“ apteria,” the feather-tracts “ pterylro ” 

The Skeleton and Anatomy of Birds 

The skeleton of the bird (fig 208) is remarkable for two 
things — extreme compactness and hghtness The former is 
due to the excess of phosphate of lime in the hones, the latter 
to the presence of hollow spaces in many of the bones. These 


Pig 208 — Skelktok op Fowl. 


A~B, cervical vcrtolarffl , 1, spinous process of third 
vertebra , 2, Inferior ridgo on same , 3, styloid process , 
4, vertebral foramen , B-C, dtirsal vertebree , 8, apinons 
process of first, 7, crest formed by union of other 
spinous processes , D-S, coccygeal vertebra , F, ff, 
head , S, Interorbital septum , 9, Interorbltal foramen ; 
10, premaxillary bone , 10', anterior unres , 11, man- 
dible ; 12, quadrate , 13, niamlla , 14, keel of atemum 
(H) , 16, Bplatemum , 16, posterior lateral process , 17, 
oblique lateral process , 18, membrane closing internal 
notch , 19, membrane of external notch , J, riba , 20, 
posterior process , J, ribs , K, scapula ; i, coracoid ; 

forcula , m, m, its branches , N, humerus , 0, ulna ; 
0 , radius , P, P', carpus , Q, O', metacarpua , R, first 
phalanx of wing digits , r, second ditto , R\ thumb , S', 
ilium , S’, Ischium , S", pubes , 21, sciatic foramen , 22, 
foramen obturatum , T, femur , U, patella , K, tibia , 
Xj fibula , y, metatarsus , y, Intertorsua or heel-joint , 
23, hypotaraua , 24, process supporting the spur , s, 
digits (Ohanveau.) 





THE SKELETON AND ANATOMY OP BIEDS 


379 


cavities are more or less connected with tlio air, and the hones 
are spoken of as “ pneumatic ” hones 

The vertebrae of the neck (fig 208, A-B) allow tlio bird con- 
siderable powers of movement m that region , they vary from 
eight to as many as twenty-three The dorsal vary from six to 
ton (B-Q), the first four being anchylosed together (7), so as to 
give support to the powerful foro-limbs or wmgs. Wo cannot 



Pro 209 —Skull ok Powl. 


PJf, Premaxillary, if, maxilla, P, palatlno, K, nasal, L, laolirymal, 70S, Inter- 
orbital septum , OF, Interorbltnl foramen , ZP, rygomatlc process of frontal , ZP2, 
same of sqnamosal , 00, occipital condyle , TC, tympanic rocoss , FO, forainon ovalo , 
ATC, anterior tympanic recess , FN, foramen of fifth nei*ve , Q, quadrate, Qf, quadrate 
jugal, Ft, pterygoid, SA, supra angular , JO, dentary, AfF, mandibular foramen 

distinguish any lumhars. The bones between the dorsal and the 
caudal are all united, forming the sacrum much as in mammals ; 
but to this sacrum the iha are joined completely • thus the 
spine in this region and the pelvis (fig 212) are incapable of 
movement. The tail vertebree (D—E) also vary in number, 
usually eight to ten, and are movable The last joint of the 
tail is long and slender, and forma the cunous “ploughshare” 
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bone, winch is made up of about half-ardozen caudal vertebrse 
fused into one piece, and constituting the support for the 
tail-quiUs and oil-glands. These latter contain the fluid that 
the birds preen their feathers witL 

The skull (fig 209) articulates with the vertebral column by a 
single condyle only The beak (fig 208, 10 and 11), so charac- 
teristic of the Birds, consists of an mferior and superior mandible, 
and never m existing species carnes teeth. The upper bill (10) 



Fig. 5!10 — Pbotobal Aroh oj- Fowl. 

^ liypodeldlum, f, Itocnl. 

oonsiata of greatly elongated intermaxillary bones and small 
superior maxiUaiy bones on each aide The lower jaw (11) 
articulates with the skull by the quadrate bone (12), and not 
direct as in mammals. The thorax is surrounded laterally by 
the nbs (I and J), which vary from six to ten pairs : each nb 
carries a peculiar process called (20) the “uncinate” process, 
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except the first and last pair. There is a large breast-bone or 
sternum (14) In flying birds this sternum has a deep sternal 
ndge or keel, to which are attached the powerful muscles which 
move the wings The pectoral arch (fig. 210) consists of a 
pair of scapulas (/Sc), clavicles (/), and coracOid bones (Co), The 



Pio ail — Stbbnum op Fowl (front view). 

a, Keel, t, mannlTrlnin , o, oblique later^ pmoeeti, d, anterior lateral process, e, 
posterior lateral process , f, internal notch , g, exturiial notcb. 

scapula IS an elongated simple bone ; the coracoids are distinct 
and very strong, and articulate with the upper angle of the 
sternum, the clavicles form the V-shaped bone popularly called 
the “merry-thought.” 
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The bones of the fore-limb or, wing of the bird are adapted to 
its peculiar aerial life, and form one of the chief characteristics 
of the bird’s skeleton This anterior limb consists of a single 
short and strong humerus (fig 208, N), an ulna and a radius (0 
and o) (the former being much the larger bone), two carpal 
bones (P and F'), the metacarpus (Q and Q'), which consists of 
three bones united together, but free in the middle; at the 
proximal end of the larger metacarpal is attached the “thumb- 
hone ” which carries the bastard wing. The hmd-limh is 
much as in all animals; but the chief bone is the tibia (P^, 
the fibula (Z) being very rudimentary. The following joint, 
the metatarsus (T), is characteristic of birds Four digits are 



Fig 213 — Pblvis of Fowl (lateral "s lew) 

II, Ilium ; Is, Iflchlmn , P, pubes , A, acetabulum 


normally present (z), three pointmg forwards and one behind 
There is great variation in the disposition of birds’ digits 
The Digestive System — ^As already said, the bill of birds 
never contains teeth it is variable in appearance, and is used 
for eating the prey and food generally, for prehension, and in 
some as an organ of touch The base of the upper hill is 
often surrounded by a circle of skin devoid of feathers, the 
“ core ” The tongue is mostly hard and homy, and is supported 
by the hyoid bone The digestive tract consists of a long 
gullet or (Esophagus (fig 213, Oc), which has a aac-like dilata- 
tion in front of the “ merry-thought,” the crop (C). This crop 
IS seen m carnivorous and graminivorous birds Here the food 
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13 retained prior to the gastric digestion The cesophagus is 
followed by the p ov&ntriculua^ which is the true stomach in 
which gastric digestion takes place This first stomach cor- 
responds with the cardiac end of the mammal^s stomach The 
pyloric end is represented by the “gizzard” {G\ a large ex- 



Fio. S18 — Auhbntabt Oanal or 
Fowl 


tremely muscular cavity situated 
below the liver. There are two 
distmct types of this grinding 
stomach . m raptorial birds it 
consists of a simple membran- 
ous sac, but m graminivorous 
birds, which eat hard and not 
easily digested food, the gizzard 
consists of a thick muscular 
cavity which is lined by a hard 
epithelium. By the muscular 
action of the walls of the gizzard 
the food is ground up against 
the horny walls In all birds 
we find in this second stomach 
small stones, cinders, and gnt 
These aid in the trituration of 
the food. They are essential to 
the health of the bird, hence 
poultry are given “ grit ” to eat. 
This gnt should be natural, not 


Ofl, CEiflopiiagns , c, crop, 5, proven- sharp needle-like pieces of flint, 
trloiiluB , gizzard , duodenum , St, 

Binaii intestine , Car, c»oft, .1, lunction such as some poultry merchants 
of caBca, R. rectum; CZf cloaca, A, - . . . . _ 

anuH, L, liver, gaU bladder, 0 , advertise, which only damage 
right lobe of Uvor , P, panoreog . , n j. j. i i t j 

the walls of the gizzard and do 
not grmd the food. Many inflammatory diseases of the gizzard 
I have traced to this reprehensible practice. The intestine con- 
sists of two ports, the small and large intestine, and ends in the 
cavity called the cloaca (CL) The large intestine commences 
where the two long blind tubes originate, the “ceecal tubes” 
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(Oue)j which are generally present in birds. The cloaca is the 
cavity which receives the rectum, ureters, and sexual ducts, 
there being no distinct sexual openings in the class Aves. 
Salivary glands open into the mouth, the liver (i), and pancreas 
(P) into the small intestine near the gizzard 

Ee»jpiratoi'y argam in birds not only consist of lungs, but also 
of “ air-sacs ” and spaces in the bones. The lungs differ from 
those of mammals by not being freely suspended m the pleural 
cavity . they are two in number, spongy, and bright red in 
colour. The air-sacs are prolongations of the lining membrane 
of the bronchi, which sprmg from the bronchial tubes just be- 
fore they enter the lung These air-receptacles penetrate the 
thorax and abdominal cavity They become filled with air pnor 
to the bird taking flight, and thus reduce its specific gravity, 
at the some time brmging air in direct contact with the blood 
m other parts of the body besides the lungs The air-sacs are 
contmued m adult birds into the bones In young birds the 
pneumatic bones do not exist to the same extent. 

The lieaii in birds consists of four chambers, two auricles 
and two ventricles The heart essentially agrees with that of 
mammals, as does the general circulation of the blood, so no 
further reference need be made to this subject. 

There is no urmary bladder in birds the kidneys are two in 
number and elongated, their ducts open into the cloaca. In 
regard to the repioduchve m^gans, the chief characteristic in 
birds 18 that there is only one functional ovary (fig 214) and 
Fallopian tube in the female , this single ovary is that of the 
left side. I have sometimes m the fowl found the right ovary 
more or less developed The oviduct is a long tortuous tube in 
which the ovum receives first the “ white ” or albuminous cover- 
ing of the yolk Towards the end of the egg- tube dilatations 
appear* m these the eggs receive the shell, which consists of 
carbonate of lime. A deficiency of this in the bird^s system 
results in so-called “soft eggs,” The egg is then passed into 
the cloaca, and so out of the vent. The eggs of birds are hatched 
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by incubation. The young are provided with a curious cal- 
careous knob on the upper mandible, by means of which they 
crack a hole in the egg-shell when ready to escape Some can 
feed as soon as they have escaped from the egg-sheU — precocious 
young ; others have to be fed by the parents — nestlings. 

Birds are found m all climates, and may be residents, 
migrants, or gipsy-migrants. 

In cold and temperate climates many birds do not remain all 



Fia 214.— OvAKY OF Bird. 

a, 0 , c, Ova In various stages of dorelopmont , Z>, streak vrlthout vessels Indicating 
ttie point where the vesicle is about to rupture to allow ova to escape, d, ruptured 
vesicle , 0 , very small ovum showing oloatrioula. (Clmuveaa.) 

the year, these are called “migrants.” Migrants pass at the 
approach of winter to a warmer climate, and return again to 
nest in the spring. Prior to migrating the birds usually collect 
in flocks These migrations generally take place about the same 
date every year. Most migrants are insectivorous, and even if 
the temperature were warm enough for them, they could nort 
subsist upon our scanty wmter fauna. 

There are other birds which move from place to place in an 

2 n 
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erratic manner, the ao-callecl “gipsy-migrants,” which leave one 
district for another owing to scarcity of food, bat have no fixed 
place of migration This form of movement we see m Tits 
{ParidoB) and "Woodpeckers {Piddm). 

Those birds, such as the blackbird and thrush, which are 
with ns throughout ■wmter and summer, are called ‘'residents,'^ 

Fossil birds present many peculiarities. Some {OdoTvtormthes) 
have teeth, others of older date have distinct lizard -like 
characters, such as the feather-toiled Ai cTieo^iteryx, 
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Most birds are of some economic importance to tlie farmer and 
gardener Many are extremely useful in keeping down an 
excess of insect life and other vermin more or less destructive to 
our crops There are also some buds which are obnoxious by 
destroying the buds of fruit-trees, by eating gram, and by then 
depredations amongst poultry and game-birds. The most im- 
portant species only will be mentioned here, space forbiddmg 
a more detailed description. 

The old classification of Birds into Xatatores, Grallatores, 
Easores, Scansores, Passeres, and Eaptorea is not followed here, 
as by it birds of a totally diffe^'ent structure are grouped 
together: for instance, the Ducks jmd Geese, formerly united 
with the Gulls, are quite distmct in structure, and cannot be 
reasonably giuupod with them There is no doubt but that the 
so-called Passerine birds are the most highly developed, while 
Grebes and Divers are some of the lowest. We therefore com- 
mence with the latter, as we are here traemg life from the most 
simple forms, the Protozoa, to the most highly developed 
animals, the Mam m aha. The groups are taken in the order 
given by Dr Hans Gadow.^ 


^ A Classification of Vertebiata, Recent and Extinct, Gadow 1898, 
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1. Oolymbifomes. 

Grebes and Divers 

The Grebes and Divers call for little comment here they are 
included in the two families Podicipedidth and Golymhidm 
respectively. Of these we need only deal with the first 
mentioned. 

The Grebes (Podiiyi/pedidcB) are characterised by their short 
wings, with the first three primary feathers nearly equal and the 
longest in the wing, by the absence of any tail, by the elongated 
comcal form of the bill, and by the structure of the foot, which 
18 known as a “ split-awimming foot” (fig. 215). This form 



Pig. 215 — Sput.Swimmino Foot of Ghedio JiuvUaxLxa) 


of foot as seen in the Grebes has three toes m front and one 
behind, the three front toes much flattened, united together at 
the base, and edged with lobate webbmg , the hind too is also 
flattened, while the claws are large and flat The best-known 
Bntish species is — 

The DahcMch or Little Grebe (Podic^s flumatilis) — The 
little grebe is widely distributed over England, and may be seen 
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all the year round along streams and rivere, upon lakes and 
pools, especially revelling m those of a reedy nature. In 
colour the dahchick m summer is dark-brown above and greyish- 
white below ; cheeks, throat, and sides of the neck tawny ; bill 
dusky- brown, greenish-yellow at the gape , legs and toes dull 
greenish-browiL In winter the plumage is paler, and the chin 
IS white instead of black In length the little grebe vanes from 
nine to ten inches. They form their nest as a floatmg structure 
attached to water-plants ; it is usually composed of reeds, and 
IS often of a large size, testing is said to last from Apnl 
to August, Six white eggs are generally laid, and are covered 
up by the bird when the nest is left. The young grebes are 
quite light m colour, and, like all members of this family, are 
earned about by the parents on their back, sitting dose between 
the bases of the wmgs. All the grebes seem to have a habit of 
swallowing feathers and of ejectmg them again with other un- 
digested products, like the owls The food consists of small 
hsh, msects, and various small aquatic animals, as weU as 
vegetation. 


4. CicozLiiformes. 

Herons, Bitterns, &c. (AnDBiB). 

These birds have all long legs and long strong-pointed hills. 
The three chief groups are the Herons {Ardea) and the Bitterns 
{Botawi^\ forming the family Ardeidie, and the Storks 
{Giconid), forming the family Ciconudfis. 

The Hei'om {Ardea) have long straight hills m the form of a 
long compressed cone. The legs long and slender, and naked 
above the tarsal joint ; three toes m front, the outer one joined 
to the middle one by a membrane, one toe directed backwards ; 
claws long and very sharp. They have on their breasts and 
flanks tufts of decomposed powdery feathers for powdering 
the plumage Our best-known example is the Common Heron 
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{Ardea cmer&ot)^ which, neats in companies, “ heron-shaws,’" upon 
the tops of trees, on old walla amongst ivy, &c. They ina} 
commence to build their large nests m Januaiy if the weathui m 
mild ; but February is the general time for them to repair to 
their nesting-places, which they frequent year after year The 
neats are large flat structures, formed of crossed stichs and lined 
with grasses, &c. They lay three or four blmsh -green eggs 
about two and a half inches long, which hatch out m twenty- 
eight to twenty-nine days Yoimg herons are nestlings, and 
remain with the old ones about the herou-shaws until August. 
In Eichmond Park they continue all the year round in their 
nesting- wood. The adult male heron is three feet long, and 
has a deep blue crest, the upper parts being slaty-grey, the 
under parts dull greyish-white ; sides of the head and nock white, 
bluish-brown streaks run down the neclc The female is not so 
bright in colour as the male The bill is yellow. Herons feed 
on a great variety of food, and do some good by destroying 
water-rats and field-mice ; they also eat quantities of insects, 
molluscs, and frogs. Fisli also are greedily devoured by them, 
especially coarse fish, more especially eels They fly with their 
legs stretched straight out behmd, and move their wings very 
slowly, and so can easily be recogmsed when flying. Several 
other species occur in England occasionally 

The Bittern (Botaurus stdla?^) was a resident bird, hut is 
now very rare, chiefly occurring as a winter visitor. The Storks 
(Otcoma) are most useful as locust destroyers. 

5 Falconiformes. 

YuLTtmBS, Hawks, Eagles, Buzzards, &e. (Aooipitres) 

There are two families of the Accipitres in Great Britain 
— namely, the VulturidcB and Falcomdce The first -named, 
the Yultures, are so extremely rare (only a few stragglers 
having been recorded) that they call for no further comment. 
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The FalconidcB include all our Diumal Birds of Prey — the 
Hawks, Falcons, Buzzards, Kites, Harriers, and Eagles. They 
have a hooked beak furnished with a sharp projection on each 
Bide j the cere is always devoid of feathers, with the rounded 
nostrils placed laterally upon it. The feet are raptorial — that 
IS, are armed with long, sharp, curved talons (fig 216) Unlike 
the Yultures, they have 
fourteen cervical verte- 
brae. All the Accipitres 
have the oil-gland tuft- 
ed They eject the un- 
digested parts of the 
food from ten to twenty 
hours after ingestion as 
small rounded or elon- 
gated pellets. Vision Fio. 21 a —Foot or IUptobial Bird. 

is extremely keen, and 

most are endowed with very strong powers of flight. The female 
18 always larger than the male Many of these Eaptores are de- 
cidedly beneficial, whilst others are just as harmful , the indis- 
cri inmate slaughter of them has been attended with disastrous 
results, by the undue increase of many of their kmds of prey. 
The most important economic species are the foUowmg . — 
Belonging to the genus Fcdco, which have short bills curved 
from the base, with a strong, projectmg, cutting tooth on the 
edge of each upper mandible, with long pointed wings, and 
long, curved, sharp claws, are first — 

The Kestrel or Wind-hover {Falco tinnmimlus ), — This is one 
of our most abundant and useful birds of prey. It is generally 
present over Great Britain, occurrmg m greater numbers m 
wdnter than summer, duo to immigrants from the Continent 
The adult male kestrel has a bluish-grey head, neck, and tail ; 
the tail has a broad black band towards the end, and is tipped 
with wlute ; the back is pale reddish-brown towards the head, 
greyish-blue near the tail, with small dark spots in the male ; the 
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female haa the back rufous and with more black bars, and there 
are also several narrower bands of dark -brown on the tail, the 
legs and cere are yellow The male vanes from twelve to 
fourteen inches, the female usually one or two inches longer 
The kestrel nests in a variety of places very often the nests of 
rooks and wood-pigeons are taken possession of by them , others 
lay their ^gs in hollow trees, in holes, in quarries, and cliffs. 
From four to six eggs are laid, very variable m appearance, 
some being creamy -white with a few reddish-brown spots, 
others almost entirely reddish-brown The kestrel is often 
looked upon by gamekeepers and others as a destructive bird, 
and ruthlessly destroyed Instead of doing harm the wmd- 
hover does a great deal of good, for its food consists mainly 
of field-mice, voles, and insects, especially grasshoppers, locusts, 
and beetles. Very seldom are birds touched by F, tinnunculus 
It should therefore be strenuously protected 

The Merlin {F, mcdon) and the Hohhy {F suhhuteo) are both 
similarly destroyed, yet they do little harm, if any The former 
feeds on small birds, such as larks, pipits, and thrushes, the 
latter is chiefly an insect-feeder, cockchafers and dragon-flies 
being its choicest food, although, like the merlin, small birds, 
especially swallows and nmrtius, may be taken by it. 

The Peregrine Falcon {F pei egHnus) — This is one of the 
finest falcons, and the one most sought after for “hawkmg” 
The adult peregrine reaches nineteen inches in length in 
the female, some three or four inches smaller m the male 
The head and cheeks are black, the back being slaty-grey with 
black bars ; the under parts rufous, barred with black, and the 
cere and legs yellow. This falcon lays its eggs in nests of 
the crow, raven, &c , on chff edges and in hollows scraped out 
m similar places, os well as on high buildings and monuments 
The eggs are laid m April, and vary from two to four in 
number, nearly two mches long, and often brick-red m colour, 
many being only freckled with the red. The young falcons 
are always dnven away by the parent towards the end of 
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the summer, one pair keeping off fresh amvals for some 
distance round their “eyrie.” Peregnnea are undoubtedly 
injurious to game. Their chief food consists of grouse, par- 
tridges, ducks, pigeons, kestrels, and vanous other birds, and 
perhaps where this falcon is abuvdant there is some excuse 
for destroying it. 

The S^airow-liawk {Accipiter nism ), — The sparrow-hawk 
belongs to another genus, Aedpiiei\ This genus is characterised 
by the bill bending from the base, and by the cutting margin 
of the upper mandible havmg a distinct festoon ; the wings 
ore short and the legs long and slender, the claws being curved 
and very sharp, the middle toe long and slender The sparrow- 
hawk is a very common bird throughout Great Britain m wooded 
districts The male is slaty-blue above, buff below, barred with 
tawny-brown , the tail is brown with three to five dark bars ; 
the cere is greenish-yellow, and the legs yellow The female 
has a greyish breast barred with brown, and is much larger than 
the male, being some fifteen inghes long The sparrow-hawk 
builds a nest of her own, although she sometimes uses as a 
foundation the remains of a crow or rook nest. As many aff'six 
eggs may he laid m May at intervals of two days. The sparrow- 
hawk, unhke the kestrel, is a great nuisance, for its chief food 
IS game and young poultry, amongst wluch it is especially de- 
structive when it has a hrood of young The meal is eaten on 
the ground, the sparrow-hawk requiring both feet to secure its 
prey. They hunt along hedgerows and wood-sides, and devom 
also large numbers of small birds. 

The White-tailed Ea^e {Haliaetvs alhiciLln) — Of the two 
eagles found in Great Britam the white-tailed or sea-eagle is 
that most often met with. It is this species that is recorded 
ns the Golden Eagle {AqvMa cTu^yaaetus) every now and then in 
the southern counties. The two species are readily distinguish- 
able by the structure of the legs and feet. The sea-eagle has 
the leg above the foot devoid of feathers, and the toes with a 
single row of scales all the way down , the golden eagle has the 
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leg feathered down to the toes, and the upper part of the toes 
not scaly but reticulate, three scales only being present towards 
the tip A female white-tailed eagle will reach thirty-four to 
thirty-six inches in length. They breed in Scotland m April, 
but not now in England. It is tins species only that we find 
in the South The food consists of carrion — birds, animals, and 
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fish The golden eagle takes lambs, and even fawns, whilst 
hares and grouse form its staple food. They no doubt at one 
time in the jN'orth were destructive to sheep , but they are now 
far too scarce to do any harm, although the golden eagle is if 
anythmg on the increase in Scotland, owing to its bemg now 
more or leas preserved by landowners. 

The two Entish Buzzards (Buieo vulgai'is and B larjopus) are 
great destroyers of mice and voles, frogs and snakes. They are 
sometimes said to destroy partridges and grouse, but this is very 
rarely the case 

Amongst the Hamers {0ircu8\ the Marsh-harner is said to 
destroy poultry , but if it does, it is only to a limited extent, for 
their chief food consists of small mammals, small birds, frogs, and 
snakes — in fact, the above form the usual diet of all the Circi. 

It will thus be seen that, with the exception of the sparrow- 
hawk and peregrine, the Accipitres are not destructive to any 
great extent , but, on the other hand, many are decidedly bene- 


AJSrSBRIFORMES 


395 


ficial as destroyers of the hosts of voles, mice, and other small 
mammals, which often increase with alarming rapidity where 
these rapacious birds have been persistently persecuted. Poulti’y 
suffer from the sparrow-hawk, and sometimes the merlin and 
hobby , but the few chicks the two latter take are soon made 
up for by the good done by their destroying vermin. 


6 Anseriformes. 


Duokb, Geese, ^ and Swans (Anseres). 


The Ducks, Geese, and Swans ni-e included in the family 


AnaUdm^ which contains as 
many as seventeen genera in 
Great Britam. The Anseres 
are charactensed by the beak 
(fig 218) bemg more or less 
flattened and covered with a 
flno tactile skin, the edges of 
the bill are furnished with a 
series of lamellse (D), form- 
ing a kind of fringe, which 
acts as a strainer to the mud 
in which they seek their food 
The bill IS most sensitive, be- 
ing abimdantly supplied with 
branches from the fifth cranial 
nerve The legs are provided 
with a three-toed swimmer, the 
fourth toe pointmg backwards, 
and IS free (fig 219, b) The 
body of the Anseres is heavy, 
and densely covered with down 
beneath the contour feathers, 
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yet these birds are capable of great powers of flight Tlie males 
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especially have a peculiar harsh note, which ls perhaps accounted 
for by the large and peculiar enlarged end of the trachea They 
are mostly found m shallow fresh waters, where they hunt about 
m the mud, but are also partly marine in habits The young are 
always precocious. Wild Ducks, Geese, and Swans are strictly 
monogamous. We need here only consider the tme Ducks, 
Geese, and Swans 

Amongst the Geese we find the following important genera • — 

1 Anae?*, in which the bill is nearly as long as the head , 
elevated and covered with skin at the hase, the under mandible 
always being smaller than the upper The nostrils are placed 
about the middle of the beak, and are pierced anteriorly, lateral 
in position (fig 219, a) Legs under the middle of the body. 

2. Bernida^ m which the hill is much shorter tlian the head, 
edges nearly parallel, the lamellsa bemg unseen 

Gbesb (Anber and Berniola). 

Geese are often plentiful in Great Britain. They appear in 
flocks especially during the winter, when they have migrated 
southwards. At least eight species have been recorded in our 
islands Of these the Grey Lag Goose {Amer /erw^), the Bean 
Goose (^. segetmri)^ and the Brent Goose {Bemida hi'enta) al’e 
the most frequently seen inland, where they sometimes do slight 
damage to various crops. The geese fly m two forms, either in 
a V-shape or in a long wavy or slanting line They especially 
move on the wing at dusk and are gregarious. Most of the year 
is spent in high latitudes. 

The Grey Lag Goose {A ferus), — At one tune this goose was 
very abundant m England, now it is much scarcer , yet I have 
seen flocks in the eastern fen districts carrying destruction along 
with them. The biU is flesh -colour, with a white nailj the 
upper plumage ashy-hrown, the feathers here and there bordered 
with dusky-white ; the under-plumage is ashy-grey barred with 
brown on the aides and beneath, pure white behind. The 
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rump and wing-coverts are bluish-grey The legs are dull pink 
Length often neai-ly three feet These geese arrive m the 
autumn, and at once repair to the fields and marshes, where, 
movmg about in flocks, they trample down the young com, 
attack the turnips, and often do endless damage Th§ ‘‘grey lag” 
is found all over Europe, in hTorthern Africa, and to the east as 
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(Nicliolaon ) 

for as Persia. There seems little doubt but that tins species has 
given rise to some of our domestic geese. It is uncommon 
m the south of England and on the west coast. The “grey lag” 
still breeds in Scotland, but in decreasing numbers. In the 
latter place they incubate in Apnl, when the ganders leave the 
geese and collect together on pieces of water. 

The Bean Goose (A segetum) is another common species. 
The wings when folded are much longer than the body ; the 
base of the orange biU is black and so is the nail ; the upper 
plumage is ashy-grey, the under parts dusky and pure white, 
and the legs orange This goose also appears in large flocks. It 
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may te seen from October to April, especially durmg the period 
of its nugration Like the former, it feeds on grass, roots, corn, 
and other vegetation, pulling up and trampling down far more 
than 18 devoured The bean goose is, as its name imphes, 
especially fond of pulse, newdy sown beans in spring often 
suffer from its ravages It breeds nowhere in England. In 
Cornwall it is often very abundant, and perhaps in most dis- 
tricts except the east coast it is one of the commonest geese. 

The Pink- footed Goose (A h'ochyrhynehtts) is also very 
abundant m parts of England during the winter months, 
especially in the eastern counties, hut m the south we seldom 
see it It is smaller than the bean goose. Like the bean goose, 
it has a black nail and very similar beak , but the white mark- 
ings of the tail are much broader, and the wing-shoulder is 
bluiah-grey m colour 

The White-fronted Goose (A, atbifrons) is also abundant in 
severe weather m the south and south-east of England. It is 
smaller than the grey lag, but, like it, has a wlnte nail at the 
tip of the biU, The base of the mandibles and forehead are 
white ; the back is brownish-grey , breast and belly white, 
with broad bonds of black Hill, legs, and toes orange The 
female is paler, and has much less black on the breast. It is 
found in Syria, Egypt, &c., and with the grey log has shared m 
the origin of oiir domestic varieties 

The Brent Gooi^e {B&rmda In'mta) is tlie most abundant of 
all British geese. It is found about the south and south-east 
coasts all the winter, but seldom comes inland, feeding on the 
mud-flats upon Crustacea, weeds, &c 

Domestic Geese and their Origin, — ^The various varieties of 
Geese are no doubt descended from the widely distributed grey 
lag, which once bred m abundance in our country. The grey 
lag has been known to cross readily with tamo geese m prefer- 
ence to any others The white varieties are easily accounted 
for by variation under domestication, and judicious selection and 
breedmg. The grey lag is very widely distributed, being found 
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in abundance in India. The white-fronted goose may also have 
been in some way connected with our present stock ; but that 
the grey lag is the chief origmator of the Toulouse, Embden, and 
other geese there la very little doubt Geese under domestica- 
tion commence to lay m February and March, and may deposit 
as many as eighteen eggs, but that is above their average. The 
young goslings appear about the twenty-ninth to thirtieth day 
after incubation commences. Although wild geese sometimes 
do harm in this country, they cannot be said to be of much im- 
portance to the agriculturist, but domestic geese ore thus im- 
portant, not only on account of their value, but for the good 
they can do in exterminating grubs and vermin in the soil in 
orchards, &c 

Swans (Cygnus). 

Swans have a long slender neck, with sixteen cervical 
vertebrae. The bill is higher than wide at the base and 
depressed afc the tip, and both mandibles are furnished with 
serrated lamellee along their sides. The male and female 
cygnus are alike m plumage The commonest swan in England 
IS the Mute Swan {0 oloi\ which is said to have been intro- 
duced from Cyprus by Eichard 1. It is now found abund- 
antly not only semi-domesticated but wild. The Swans pair 
for life, and breed on islands, amongst reeds, &c, in May 
The nests are large structures built of reeds and rushes. Four 
eggs are laid hy young females, who commence to breed in 
their second year as a rule , older females may lay as many as 
ten eggs, of a dull greenisb-white colour, nearly four inches 
long The period of incubation is between thirty-six and forty 
days, the young cygnets ” being looked after by the parents 
for some time, generally imtil next breeding season The 
cygnets are sooty-grey, with a dull grey-coloured bill The food 
of Swans consists of water-plants, aquatic insects, and grain. 
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DuOKS (ANATIDia). 

The Ducks, of which there are a great number of genera, are 
Bometimes provided with a very nairow membranous lobe to the 
fourth toe. The legs are short, and placed behind the middle 
of the body , the bill is about the same width all along, or may 

be broadened at the tip. The 
nostrils are small and near the 
base m the true Ducks (Atzos), 
and large m the Sheldrakes 
{Tadoi'm), The period of in- 
cubation m ducks is about a 
month, always longer than in 
the fowl 

Here are mcluded the Com- 
mon Sheldrake {Tadorna Belr 
lonii\ one of our largest and 
handsomest ducks; the Teal 
{Anas crecca ) , the ‘Widgeon 
{A pmelope ) , the Wild Duck 
(4. boschas), &c The last 
only needs claim our atten- 
tion. 

The Wtld Duck {Anas 
boschas). — The mallard or 
wdd duck is found generally 
throughout Great Bntam, and 
breeds wherever there are 
swamps and water. The 
term “mallard” is properly 
applied to the “ drake ” only, “ wild duck ” to both sexes. The 
wmter plumage of the drake is, as every one must have noticed, 
very different from the duck. This wmter plumage is seen 
from October to May; but m the summer, when both sexes 
moult, the drake assumes the plumage of the duck. The young 
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ducklings also appear in the same garb in both sexes. One 
notices a similar change m many domestic ducks, especially 
Eonens and others that assimilate to the ivild ducks or their 
ancestral plumage. Anas hoschas is found all over the Northern 
Hemisphere In England it remains throughout the year , but 
in wmter its numbers increase, owing to large enforcements 
coming from the North as the cold approaches The nests are 
built m all manner of places — on the ground, amongst reeds, 
gross, and on the top of trees. The young can feed at once, 
but are unable to fly until mne or ten weeks old The ducklings 
feed upon tadpoles, water-insects, and small gruba The old 
birds feed upon a variety of substances — water-plants, land- 
plants, oats, and gram generally, fish and fish-spawn It is 
said that they sometimes do some harm in corn-fields, hut the 
damage must he comparatively slight. In very cold weather 
bhey are found along the coast The wild duck commences to 
lay about March m the south of England, later as we proceed 
lorthwards The nest is on the ground generally, and is made 
if grass Imed with down , in it aro laid twelve groenish-grey 
3ggs The mallard is monogamous m its wild state, but under 
iomestication our varieties which have sprung from it are 
lolygamous. 

The oi-igin of our domestic breeds is no doubt correctly traced 
lack to the Arwus hoscbcLS, Darwin says that, “ with respect to 
he origin of the domestic duck, I have considered the case weU, 
md am convinced that all breeds, including the black Labrador 
nd penguin ducks, are the descendants of the common wild 
luck ” The Eouen duck very nearly resembles the wild species, 
■nly it IS laiger m form, and I have found that with m-and-in 
jreeding” they soon become almost identical with the wild 
peciea 

8 Gallifonaes 

The Rasores (Gallin^e) or “Soratohing Birds” are often 
poken of as gallmaceous birds. They are of considerable in- 

2 C 
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terest to us, as they contain most of our domesticated birds, such 
as the Fowls, Turkeys, Gumeorfowls, and Pea-hens, Our game- 
birds also belong to the Eaaores — the Partridges, Pheasant, 
Grouse, and Blackcock, These have all a convex-vaulted upper 
beak, with the nostrils pierced in a membrane close to the base 
of the beak, and covered by a cartilaginous scale. The legs 
are strong in the mosfc typical forms, and always with feathers 
down to the tibio-metatarsal ]Oint The four toes, of which 
three are directed forward and one behind, are all armed with 

thick claws for scratchmg (fig, 
221). The males differ, as a 
rule, very much in plumage 
from the females, a distmction 
recognisable m most genera; 
they also have a ‘‘spur” ou 
the metatarsus. The food of 
the scratching birds consists 
of gram, seeds, and insects, &c. 
They ore provided with a strong 
muscular gizzard for grmding 
the hard food Most Easores 
build on the ground, the female 
or hen bird generally only tak- 
mg part in the incubation 
The young are precocious, and 
can feed almost as soon as they 
have escaped from the egg-shelL With the exception of the 
partridges and grouse the flight is very weak, — even the two 
mentioned cannot fly for any length of time. There is usually 
a fleshy comb or crest of feathers, and often naked and bril- 
liantly coloured patches, on the small head. We never find, as 
in the Doves, a “ cere ” at the base of the bill 
The two families of the Galhnes are the Phcmanidos and 
Teh^aomdcB, 
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The Tetraonidm include the Grouse, Blackcock, and Caper- 
caillie {TetT(io\ and the Partridges and Gaccahis), 

The PliasiamdoB or Pheasant group include the Quail, Cotu/rnix 
communiSj the Fowls, OnlhacBj the Turkeys and Guinea-fowls, 
MdeagrincR ; and the Pea-fowls, Pavonine^. 

The two partridges are the Common or Gh*ey Parti'idge {Pefi'dix 
dneffea) and the Redrlegged or Frenchman {Caccalm rufa). 

The grey partridge is widely distributed over Great Britain, 
but is especially abundant m the eastern counties. It was said 
to be decreasing there, owing to the increase of the red-legged 
partridge ; but this can scarcely be the case, for the two flourish 
side by side, and do not interfere with one another. In Ireland 
it IS also said to be decreasing. They are subject to much vari- 
ation in colour, accordmg to the soil Breeding takes place in 
February, and m Apnl the hen kys from 12 to 30 or more eggs, 
which hatch out m three weeks. 

The French Partridge ((7. rufa) was introduced into England 
in 1770 , from that date it has spread, and is now firmly planted 
in the eastern counties and some parts of the Midlands, &c 
In the west it has taken no hold — m fact it thrives best on 
poor, bare, and dry lands. The red legs, rudimentary spurs, 
and running habits soon distmguish it from our native species. 
The eggs, too, are very different; those of cinerea are ohve- 
brown, those of rufa are yellowish- white, blotched with rusty- 
brown. 

The two species live, feed, and breed apart, and have no 
influence upon one another. The food of the grey partridge 
consists of msects, snails, weed-seeds, and gram ; the red-legged 
partridge feeds especially on dry fallows and waste -land. 
Although some grain is destroyed by both, yet they may be 
said to do more good than harm, for countless insects and 
weed-seeds are eaten at the same time. 

The Bed Grouse {Tetrao scoticua) is indigenous only to the 
British Isles. It is generally distributed over the jScottish moors. 
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In England it is found from Yorkshire and Derbyshire down 
the Pennine Range as far as the Trent, it is also found in 
Staffordshire, Shropshire, Cheshire, Lancashire, and on many 
of the Welsh moors, especially in Merionethshire. It was in- 
troduced on Dartmoor and the Surrey heaths, but soon died 
out They pair early in spring, makmg a rough nest near a 
tuft of heather. Young and old feed on the tips of the ling 
heather, and on bilberries, &c This bird is much subject to 
diseases of vanous kinds. 

The Blackcock (Y. tetrix) is found on Exmoor and in South 
Devon, Somerset, Dorset, Wilts, &c. Farther north and m 
Scotland it is abundant Blackcocks are polygamous, but 
separate from the females, the “Grey-hens,” for a short time 
in the autumn. 

The Capercaillie {T, urogdlus) or Wood Grouse became ex- 
tinct in England and Wales, and also in Scotland, towards the 
end of last century. It has been reintroduced into Scotland, 
and has spread from the pine to oak and other woods, being 
especially abundant in Perthshire. 

The Pheasant {P colchicus) is a native of Asia, probably 
havmg been imported by the Greeks into Europe from the 
banks of the Colchian Phasis, the modem Rion, which enters 
the Black Sea * certain authorities say it was introduced from 
some of the Asiatic islands. It is also abundant in the Caucasus, 
the Sea of Aral, and the Caspian Sea, and is said to occur in 
its wild state in Central Europe. From what we can gather, 
it was well known to the Athenians soon after 1200 b.o. From 
Greece it was transported to Rome. It was not until after the 
Crusades that it became familiar m England. But there is 
evidence that the pheasant was naturalised m the south of 
England before the ISTorman invasion. At the end of the last 
century the Chmese Ringed-neck Pheasant (P taiquatus) was 
introduced : this has bred with the origmal species to such an 
extent that we seldom get a pure-bred P colchicus now, there 
bemg nearly always a trace of the white ring The crow of the 
male may he heard m March when they are fighting for the 
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hens. From 10 to 15 eggs are laid, generally in a slight nest on 
the ground. When flying their pace is rapid for a gallinaceous 
bird ; but they seldom cover great distances. The average 
weight of a cock is from 3 to lb., and a hen from 2 to 2} lb. 
The pheasant as a game bird is most valuable, but to the fanner 
it IS very destructive at times. Nevertheless, it does much 
good at others. The young feed on insects and small gram, 
but especially upon ants and ant-cocoons , but when adult they 
devour quantities of gram, peas, beans, turnip, red clover, and 
young wheat. Many weed seeds are also eaten. They love, above 
all, buckwheat Enormous numbers of wireworm and other 
insects are destroyed by the pheasant, including Leather-jackets, 
Bihio larvae, slugs and snails. On the whole it is more boneflcial 
than harmful 

Dmrmticated GalUncB, 

Amongst domestic Gallinse we must mention the fowl, of 
which we have now so many varieties, the Turkeys, the Guinea- 
fowl, and the Peacock, The first two of these domestic birds 
have been so altered under domestication that at least in one, 
the fowl, the ongm is lost in obscurity, and even in the Turkey 
and Gumea-fowl some diversity of opinion exists as to the 
parent stock. Much light has been thrown upon this subject 
by Darwin m his renowned work on ‘ The Variation of Animals 
and Plants under Domestication.' 

The Fowls belong to the genus GclLIilb^ the Turkeys to the 
genus Meleag^is, the Guinea-fowls to the genua Nmrnda^ and 
the Peacock to the genus Paw, 

The iprohable origin of the Domestic Fowls, — Where the 
original stock came from we cannot say with any degree of 
ceiijainty. Eemains of domestic fowls are found m the early 
“ cave-fauna ” of Fiance, pointing, it would seem, to a European 
ongm ; but we find no traces in Europe of any wild Galh. The 
moat eminent authorities have come to the conclusion that nil 
our domestic varieties are descended from one species, the 
iTungle Fowl {QoUiis haulaiva or Q. fei'ruginevFjf sometimes 
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called the Eed Jungle Fowl, which is a native of continental 
India. When such a master-mind as Darwin’s comes to this 
conclusion, the evidence must be satisfactory^ 

There are four known wild Galli — viz., the Jungle Fowl 
of continental India {G. baiikiva), the Jungle Fowl of South 
India (0 So7mff}'aMi)y the Jungle Fowl of Ceylon (G, Stanleyi\ 
and the Forked-tail Jungle Fowl of Java {G, furcatus) 

The G, hanhiva or G, fm'ugvnsus is found all over India 
where thick jungle exists, and extends mto the Madras Presi- 
dency, where it meets Sonnerat’s jungle fowl, and is said to 
interbreed with it , it also extends into Burma, Malay ana, and 
to Timor. This bird is subject to considerable vanation in 
difiPerent loeahties Our black-breasted red game resemble it 
in most points save in that the tail of G, hanMm is carried 
honzontally whilst the game tail is carried erect. The chicks of 
G hanlciva are hatched in twenty days, and eggs are laid from 
January to July. There is not the least doubt but that the 
Burmese and Arakan breeds are descended from G» hankiva^ 
having acquired by selection yellow legs and greater size. 

The nearest ally to G, hanhiva is G Stanl&yi^ the Ceylon 
Jungle Fowl, which chiefly difiers in that it has a yellow comb 
edged with red and a reddish breast This species never lives 
in captivity for any length of time, a feature we may well note 
in connection with the ongin of our domestic birds. 

The Sonnerat Jungle Fowl {G Sonnerahz) is found in the 
south of India, and la distinguished by the flattened shafts 
of the hackle -feathers of the cock, which resemble spots of 
creamy sealmg-wax. The crow is very peculiar, quite unlike 
that of the domestic cock or red jungle fowl, and the eggs are 
described as being of a pmky-cream colour. This species is not 
nearly so easily domesticated as G. banUua, with which, how- 
ever, it interbreeds both wild and in confinement. 

^ The wild fowls of Fi]i are desoendants of the domes fcio poultry taken 
tliere by the early voyagers. These fowls now resemble the Red Jungle 
Fowl in appearance : they have reverted, that is, to the ancestral type. 
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The last species is the !Fork-tailGd Fowl or Javan Jungle Fowl 
{G fureatiis), which inhabits Java and some of the islands in 
the Malay Archipelago The neck is metallic green, the saddle 
hackles orange with a brown centre, and the two central tail- 
feathers curved out m a forked manner , the comb is greenish- 
red or yellow, and quite clean at the edge, no serrations being 
seen. Numerous crosses with domestic fowls have been pro- 
duced, and it IS said that two other supposed species, G. 
Temmickii and G cBneua, have arisen in this way 

There is little doubt but that G. hmlaoa has given rise to the 
various domestic breeds, and may possibly have been helped to 
some extent by G Bormeratii^ these breeds havmg originated 
by artificial selection and breedmg. The longer animstJa and birds 
are under domestication the more they seem subject to variation. 
By judicious selection it is quite possible through a long senes 
of ages to have formed from a smgle type such diverse forms as 
the Bantam on the one hand and the Dorking on the other, or 
the taillesa fowl of Holland and the long-tailed fowl of Japan. 

The Turkey (Mdeagris). — The ancestry of the turkey is 
less complex, but still is a matter of uncertainty. There are 
three wild turkeys — one common to Canada and the States, 
the so-called Amencan turkey, M ameiicana^ another is found 
in Mexico, M, mexicana; and a third m Guatemala and 
Central America generally, M oeellata. 

There is some doubt as to M, amerieana and M, mexicana being 
distmct species, some authorities considering them varieties : 
there is httle difference except in colour, the Mexican species 
having white tad-coverts and tips to the tail-feathers. If they 
are distinct, there is little doubt but that our domestic turkeys 
are derived from M mexicarui ; for both have the white m the 
tad, which is absent m the Amencan turkey 

The Honduras or Ocellated Turkey (M, ocellata) is found in 
Guatemala and Yucatan. It certainly has no connection with 
our domestic forms, although hybrids of it have been known to 
breed m domestication. 
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The domestic turkey lays from fifteen to twenty eggs— gi 
erally sixteen is the number They breed m the wild stj 
on the praiides surrounding the large American forests, t 
hens leaving the ‘‘ gobblers during incubation The latter e 
most pugnacious to any young they come across We noti 
similar liabits m our domestic breeds 

The Ountea-foiol {Numida) — All wild gumea- fowls a 
found m Africa or Madagascar The following wild forms a 
known — 

Numida mdeagm, the West African Guinea-fowl, found c 
the coast of Gambia. N iMortjncliay the Abyssinian Guine 
fowl, found in Eastern Africa. N mitrata^ the mitred Guma 
fowl of South Africa. M. tiarcda, in Madagascar, probabl 
only a local race All the above have a bony casque 
N cndatus^ the Crested Gmnea-fowl of West Africa. A 
Pucherantk, in Zanzibar, probably only an Eastern form o 
ci'i$tatu8, N. ^lumifei'a, the Plumed Guinea-fowl of Wes 
Africa. All the last three have a plume of feathers m placi 
of a casque. And, lastly, there is the quaint N. vuUunm oi 
Vulture Guinea-fowl, found in Eastern Africa 

Our domestic species is said by some to be descended from 
the West African species, N. meleagi'is, which extends from 
Gambia through Ashajitee to Gaboon, and is also found m the 
Cape de Verd Islands. More probably it is from the Abyssinian 
guinea-fowl that ours have come, as it was a bird well known 
to the Romans, and they had constant intercourse with its 
native haunts md Egypt 

The guinea-fowls take from twenty-six to twenty-eight days 
to incubate. They ai’e extremely shy, although long under 
domestication, and are of the greatest service to fruit-growers, 
if kept in orchoi’ds, where they devour large numbers of grubs 
and larvfiB that fall to and are on the ground. The males are 
spurless. Naturally the guinea-fowl is monogamous, yet we 
often find one cock amongst several hens. White varieties 
are frequently seen. 
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The Feorfowl {Pavo crisiatus) — The pea-fowl is a native of 
India and Ceylon Only thiee species seem to be known — our 
common domestic one, the Javan species (P muticus\ and a 
black-winged species (P nigiijpmnis)% These birds have a crest 
of feathers on the head, and the male has some of the back- 
feathers and the upper tail-coverts of considerable length and 
ocellated. The pea-fowl was well known to the ancients from 
the time of Solomon. It is looked upon with veneration by 
the Hindoos, and in many States is not allowed to be shot 
They hve to ten and twelve and even more years old, and look 
after their young through the winter. Incubation lasts twenty- 
eight days. It IS «aid that they were mtroduced mto Europe 
by Alexander the Great. There is little or no difference be- 
tween our tame ones and the wild birds of India at the present 
day, with the exception that white varieties are found under 
domestication. 


9. Grulformes. 

Eails and Coots (Ralli). 

The Rails or Crakes, Moorhen, and Coots are included in the 
family Rallidm They are strong-legged, active-runnmg birds, 
some bemg aquatic m habits. The best-known example is the 
Moorhen {GalUnula ehlorojpus). 

The Moorhen, or Water-hen is a resident bird with us, but 
partial migrations take place in very severe winters from north 
to soutL The upper plumage is daik olive-brown, head, neck, 
and belly slaty-grey, with white streaks towards the legs ; the 
under tail-coverts are white , base of bill red, rest yeUow , legs 
yellowish-green with a red band around them above the tarsal 
joint The female moorhen is larger than the male, and often 
brighter in colour. The young differ chiefly in having a 
greenish beak and legs and a white throat The nest is built 
in a variety of places — amongst reeds and water-plants as a 
rule ; but they are sometimes found on trees some height from 
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the ground • houghs overhanging the water are also favourite 
resorts. The material mainly consists of dried sedge and 
Sometimes the nests reach a foot or more m height when the 
level of the water has risen, the hirds adding to the nest to 
stop it being flooded. As many as ten eggs may he laid, hut 
seven or eight is the usual number. They commence to hiiihl 
early in March, and, as a rule, have two broods in the year, but 
even three are not unusual It is said that the young of the 
first brood help the parents to prepare the second nest. Thoir 
food consists of water-msects, slugs, snails, and various land 
insects ; but at tunes they will attack seed-corn, and where very 
abundant may now and then cause slight loss. 

The Coot {Fidica atrd) has a lobate foot, and is sooty-black in 
colour, rather greyish above, with pink beak and a large white 
bare patch on the head. The neats are huge floating structurcjs, 
often large enough to support a man. 

The Hails, of which the Landrail or Corncrake (firex ^pTcUeusia) 
is the best known type, are all noted for their running powers. 
The corncrake appears in England in April m the south, later 
as we proceed north. Pasture lands, especially when put up for 
hay, are their favourite resorts 5 but numbers also go to corn- 
fields, where they feed off insects £md weed-seeds. The neat is 
placed m long grass and in standmg corn, and is frequently 
found m the former during mowing. Like all the crakes, tins 
bird will feign death when captured It runs with gi'eat 
rapidity amongst the grass, and thus we hear its harsh note, as 
it seems, all over the field. 


10 Oharadrliformes. 

Plovbr, Snipe, Sjujdpiphrs, &c. (Limiool;b). 

Of the four families of the Limicolse — -the (Edicu&tuidw, or 
Stone Curlews, the Glar&ohdm or Pratincoles, the ChaTadTtidui 
or Plovers, and the Scolopaddm or Smpe, Woodcock, Stints, 
Sandpipers, Hedshanks, &c — -the last two only need bo referred 
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to. These birds were at one time united with others to form 
the order of “Waders” {Qrallairn'esy 

The GharadriidcB or Plovers have the bill compressed at the 
tip and seldom longer than the head. The toes are short and 
the hind one (hallux) absent or very small The plovers can 
both run and fly fast. Their food consists mainly of animal 
substance, such as worms, snails, slugs, and insects, which they 
hunt for in meadows and marshes and on mud-flats. The 
young are precocious. The eggs are laid, with little nesting 
substance, on the ground. Some are partially migratory, such 
as the Dotterel {Eudromia^ mor%ndlui) and the Golden Plover 
[ 0 . pluvialu). The commonest species is the Lapwing ( FaweZZwa 
enstatus). 

The Lapwing is also called the Peewit or Green Plover It 
18 generally distributed throughout Great Britain, and' is, as a 
rule, resident , but migrations take place from the north to tlie 
south in very cold winters. Numbers also arrive from the 
Continent in the autumn. The lapwmg is partial to marshy 
lands and moorlands, and may also be seen feeding m numbers 
on mud-flats. The curious curved crest of feathers on the head 
at once identifies it. Head, crest, and bieast are glossy black \ 
throat, neck, and abdomen white; the back dark-green and 
metallic ; tail black and white ; legs and feet orange-red , bill 
dull reddish-brown. The female does not differ much from the 
male, but the young birds have the dorsal feathers edged with 
buff and the crest shorter. The nest is formed in a depression 
in the ground, especially m pasture and fallow lands ; a few 
pieces of grass and stalks are added during incubation The 
eggs are laid from the end of March to June, the majority m 
April. Pour or five are laid in each nest ; they are olive-green 
with dark-brown blotches, but may have a grey or even blue 
ground-colour. The female when disturbed runs rapidly away 
from her nest, the male at the same time nsmg and twirling 
about in the air, uttering its shrill note to allure the enemy 
from the nest and young. Like most birds in this group, the 
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eggs are laid crosswise. In winter the peewits collect together 
m hocks and sometimes hy great distances iii lines. Migration 
m this country is chiefly after food The eggs are mucli soiiglit 
after for the table m spite of the Wild Birds Protection Act, 
and yet this is one of our most useful birds Their food consists 
of wirewonns and all manner of larvm and insects, also worms 
and snails. The large hocks — for they are gregarious oven in 
the breeding season — must tend largely to the destruction of 
many noxious farm pests 

The ^coZojJoczf/oi^include the Woodcock and vaiious Snipe, the 



Pio 222 — SaoLOPAoiDiB. 

A, Leg and foot of Curlew , b, Head of Snipe, o, Beak of Avooot. (NIoIioIbod ) 

Enff, Sandpipors, and Curlews, &c. They are all providpil with 
long hills, which may he straight or curved, the three forward 
toes may be partially webbed as m the Avooet (JRecMvvvroatra 
avocetta), or lobed as m the Phalaropes (PMaropus), or united 
at their base by webbmg as m the Cuilew {Nummvis arguata), 
hut many are free. The legs are usually long and slender and 
adapted to wading (fig. 222). Tho basal webbing of the foot 
IS not shown in the hgure. 
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Gulls and Terns (Gavia;). 


The Gulls and Terns are united into one family, the Laridce, 
They have long wmgs and either knife-like or ]iooked biUs. 
The three front toes are always webbed, and the fourth is often 
very small. The true gulls (Lams) are the only ones we need 
refer to. In this genus the fourth toe is placed high up on the 
metatarsus, the three front toes are 


entirely palmate. The bill has a sharp 
cutting edge, hooked at the tip of the 
upper mandible. The tail is square 
at the end. GuUs are normally fish- 
eaters, feeding upon surface -fish and 
dead fish along the coast ; garbage of 
any kind is also devoured by them. 
Very often, however, several of the 
Laridce pass many miles inland and 
hve upon various insects, especially 
such destructive larvae as wireworm, 
leather -jackets, and cockchafer grubs. 
They may often be found, preceding 
and during stormy weather, sixty and 
seventy miles inland, followmg the 
plough as readily as the rook, and 
devourmg with avidity the grubs 
turned up during its progress across 
the fields. These birds usually appear 
inland, as on the coast, m flocks. Most 
species breed on tlie coast, but some, 



Pig. 228 —Skull of a Gull 
(LftniB), Sclilzognatiioufl type. 


PmaJ, PremoxUlary , Lix p, 
maxUlo-pftlailTiQ, Vo, vomor, 
M, palatine , Mx, maxilla , Pt, 
pt^gold ; Cl quadrate. 


such as the Black -headed Gull (Lams rtdthundu8\ breed 
inland on the hanks of lakes and rivers and in marshes. The 


young aie nestlings The Herring Gull (L. argentaiiis), as well 
as the Common Gull (i. canus), must also be included amongst 
those whose services are beneficial to us. Small mammals, such 
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as mice, voles, and shrews, also form part of their bill of fare 
when dnven by stress of weather inland. 

The Black-Tieaded Chill (L ridibundita) —This gull is very 
different m plumage in summer and winter In summer the 
head and neck of both male and female are dark-brown j in 
winter this coloration has quite gone, those parts being pure 
white In spring the brown colour again appears. This change 
is not due to a fresh moult, but to an actual change of colour in 
the existmg feathers. The legs and bill are bright red. The 
young birds have quite a different plumage, being much darker, 
the dark-brown feathers bemg mottled at their edges with 
yellow, and the feet yellow, not red. This gnll breeds inland on 
marshes and fats as weU as along the coast, and it is especially 
durmg the breeding season that they destroy so many noxious 
msects The neat is made by trampling down a number of 
reeds, grass, and sedges, m this concavity during April and 
May three dusky-olive eggs spotted with black are laid. 

The Hm*i7hg ChiU [L, argentatus), — This gull is one of our 
laigest species, often reaching two feet m length. The head 
and neck are white, often m summer with brown streaks , the 
wings and the hack are pale blmsh-grey, the primary feathers 
being black and grey with black shafts and white tips, and the 
secondary feathers also edged with white The hill is yellow 
and the feet light pink. The herring gull hpilds its nest on 
steep cliffs and rocks, m which are deposited three olive-brown 
eggs spotted with dark brown. This gnll is one of the com- 
monest that we see following the plough in the south of 
England, and seems especially fond of the large soft chafer 
larvflB. 

The only other gull seen abundantly in our fields is— 

The Qommon Chdl (L canus), — The common gull justly 
deserves its name, for it may be found all round our seaboard 
and often abundantly inland. It is not so big as the herring 
pll, seldom attammg a greater length than eighteen inches, 
rhe head and neck are white with dusky spots, ventrsJ surface 
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and tail white, the back bluish-grey, the two first primaries 
black with a large white apace near the extremity, the tip 
quite black. The bill is dusky-green at the base, yellow at the 
tip, and the feet greenish -grey. The young have the bill 
almost black with a yellow base, and dusky-yellow feet. It 
breeds chiefiy on rocky coast-lines, but may resort to marshes 
to rest. This species commingles with the herrmg gulls, rooks, 
and peewits m the ploughed fields, and does much good by 
devouring numerous larvae. 

These three guUs should be well protected, as they are 
decidedly friends of the farmer. 


11. OolmnbiformeB. 

Doves and Pigeons (CoLunEEi). 

The ColnmbsB are endowed with strong wings and great 
powers of fiight. The feet are slender and adapted for perch- 
ing. They are all monogamous, and pair for life or some time. 
The beak is weak, with a cere at the base and thm scales over 
the nostnls. The young are quite helpless for days after they 
are hatched — ^nestlings. They are fed by the parent first with 
a cheesy substance excreted by the glands of the crop, then by 
soft food from the crop itself The nests are formed in trees 
and on rocky places, sometimes in holes in decaying trunks : 
they are fiat structures composed of loosely united twigs upon 
which the longish, shiny white eggs (two in number) are laid. 
There are four species found in England — the Wood-pigeon 
{Golumha palu7ribu8\ the Stock-dove (tt <ma8)y the Eock-dove 
(C Uma)i and the Turtle-dove {Turtur corrmunu). 

All pigeons have long and powerful wings, and can fiy im- 
mense distancea The sense of sight is extraordmanly keen. 
Most species feed on the ground, but do not scratch about like 
fowls {GdllincB), nor do they usually dust themselves in so-called 
“ dust-baths ” — they prefer water m which to clean themselves. 
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They differ again from fowls in drinking : the fowl takes short 
draughts, holding up its head between each sip , the pigeon 
takes one long bibition, its beak immersed in the water the 
whole time. Pigeons feed exclusively on vegetable food. In 
the genus Columba the base of the upper mandible is covered 
with a soft skm in which the nostrils are pierced, and the 
twelve tail-feathers are neaidy even. In Turtur there are two 
tumid soft substances at the base of the upper mandible 
covermg the nostnls. 

The Wood-pigeon {G. palunibvs) does much damage. It is 
also known as the ring-dove and the queest. Its recent in- 
crease is due partly to the killing off of all the large birds of 
prey and to the increase of coverts. It is most abundant on 
our eastern coasts, where large numbers aiTive from the Con- 
tment. They commence to breed in April; a second nest is 
formed m Jime, and a third even in October. The nests are 
placed m all manner of places — on high trees, in ivy, and on 
low bushes. Incubation lasts eighteen days, and the young are 
hhnd until the ninth day. The male sits all day, the female of 
a night They unite m large flocks after the breeding season 
18 over. In spring and summer they are seen in pairs : ai this 
time they feed on the young leaves of peas, beans, and corn ; 
and turnips when young are also greedily devoured. Often 
whole fields of peas are spoilt by them. In winter they go to 
the woods m flocks and feed on beech-nuts, acorns, &c. ; even 
then they do not neglect foraging expeditions to the fields, 
where cabbage afid rape suffer from their incursions. It is not 
BO much those wood-pigeons that breed with us that do the 
damage, as the large flocks that come from abroad in the winter 
and leave us again m the spring. These foreigners con be told 
from our natives by their smaller size. We must not forget, 
however, that they eat numbers of weed-seeds, and so do some 
little good in return for the harm they occasion, but they aio 
far too abundant, and annually want shooting down 
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The Turtle-dove {T communis) visits us only in sprn'ig, and 
remains until the end of September They come from South 
Europe, Palestine, and elsewhere in Asia. This beautiful dove 
extends into our midland counties, but seldom farther north 
then Sheffield. Many a -time have I watched them returning 
from the wheat-fields and fiying off to some belt of trees, where 
they neat. They have not been eating the corn, but the seeds 
of the numerous weeds on the ground, especially the seeds of 
the com-spurrey {Spefi'gula arvensis) and the docks (Rumex ) . 
they are thus benefiting the farmer At times they may do 
slight harm • for mstance, vetch-seeds are greedily eaten, so 
also is buckwheat , but their chief food consists of weed-seeds, 
ns has been many tunes tested by examming their crops. The 
nest 13 a slight structure, generally on the lower branches of 
trees and m high bushes The eggs are laid in May and June 
and even July, incubation lasting about sixteen days, both cock 
and hen taking part m it The tail-feathers are broadly edged 
with white, which renders them very conspicuous when flying. 
The male has the head, rump, and flanks bluish-grey, with a 
patch of black-and-white feathers on each side of the neck; 
throat and breast pale wine-red. 

The Rockrdove (CL livia) is of much interest, as it is the 
onginal form of onr numerous domestic pigeons, a fhet clearly 
demonstrated by Darwin Tlioy breed m a few parte of the 
rocky shores of the coast of Great Dntam, and are found in 
most parts of Europe. Like all our domestic pigeons, they 
seldom will settle on trees Even m the high state of domes- 
tication of our fancy birds the love of rocky places still exists, 
for they always fly to ledges of houses, churches, &c , when 
free, and there, hke their early progenitors, form their nest. 
Eock-doves are very scarce in England, breeding only in a few 
coast localities, notably Elamborough Head and m Devonslnre. 
Numbers of the following species also breed on the south coast 
of Devonshire, and may be mistaken for CL livia. The white 
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nimp, the white under ■wing-coverts, and the two very distinct 
bars of black across the wings, easily distinguish it. In many 
lespecta it resembles the common blue-rock. 

The Btock-dove (O', (enaa) nests m the stocks of trees and 
even in rabbit-burrows. It may be found abundantly in well- 
timbered districts in the middle, west, and south of^ England, 
and nests about March, but also right through to October. It 
can be told from the Wood-pigeon by the absence of the 
white-and-hlack neck-mark, and by the under-aide bemg bluiah- 
grey , there is also an imperfect black bar on the wing, and 
the under wmg-coverts are grey. 


12. Ouculifoimes. 

CuoKOOS AND Parrots (Ououlid^ and Psittaoi). 

The Ckculiforriiea are the Cuckoos and Parrota The former 
alone are represented in these islands, and by a single species 
only, the Cuckoo {Ctundus canoins). This bird conies to us 
about the beginning of April, when it soon proclaims its pres- 
ence by its well-known note. It is found throughout Great 
Britain. The female cuckoo lays her egg on the ground, and 
then by means of her hill she carries it to some nest to he 
mcuhated For this purpose she specially chooses the nest of 
a reed-warhler, meadow-pipit, wagtail, or hedge-sparrow The 
young cuckoo grows rapidly, and soon turns out the proper 
occupants of the nest, by means of a cavity on its back, -which 
then grows up, commencing to disappear about the end of the 
second week after birth. The food consists mainly of insects, 
the foster-mother being kept busily at work, as the young 
cuckoo IS ravenous. Hairy caterpillars of the lackey-moth, 
tiger-moth, drc., are especially acceptable to the young bird. 
It IS a widely distributed bird, being found in India and 
Afnca and many other parts. 
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13. Ooraciiformes. 

(i) Owls (Stbigbs) 

The Owls or Bh'igidm are nocturoal birds of prey, with very 
soft plumage, and with raptorial feet m which the fourth toe 
IS reversihle. The eyes are directed forwards, and are large 
m size. The beak, which is short, is furnished with a number 
of bristles at its base, and the nostrils are pierced in the cere. 
The head is large, owing to the ctanial bones being hollow, 
and the eyes are surrounded 
by a disc or veil of feathers. 

The ear is also surrounded by 
feathers and protected by a 
fold of skin. The undigested 
food, as in the Falconid®, is 
passed out m pellets from the 
mouth. Stnges have a wide ^ 
gullet, but rather small stomach. 

There are nine genera recorded 
in Great Britain. The four 
common British species are the 
Barn-Owl (Btmoi flammed)^ the 
Long-eared Owl (Asio otus), the 
Short-eared Owl (Asio acevpi^ 

Mnus), and the Tawny Owl 
{Byi'nium aluco). 

The Bam-Oiol { 8 . jlartmed) is common m most districts of 
England, Ireland, and Wales, but less so m Scotland. This 
useful bu’d takes up its abode in sheds and out-buildings, m 
church-towers and hollow trees, where it remains concealed 
during the daytime. The back of the male is pale orange, 
variegated with grey and white ; beneath the plumage is white, 
and 80 are the discs, which are edged with orange , the bill is 
white, and the legs are clothed in soft white feathers. Some 
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specimeDS are much darker m plumage than others, a few 
quite dark forma existing. The owl makes no nest, but just 
lays her dull white eggs m pairs in April and May, and even 
later. It hunts for its food at dusk, flying almost noiselessly 
along the hedgerows. Its food consists of mice, rats, shrews, 
bats, and various large insects No harm whatever is done by 
the barn-owls, and yet gamekeepers and many farmers persist 
in killing them although they are their friends, and, having 
slaughtered as many as they can, marvel at the increase of 
rata and mice I 

The Tawny Owl {S, aluco), which m some places is quite as 
common as the barn-owl, has the back shaded with ashy-grey 
mottled with brown, the tail barred with brown and tipped 
with white; the lower plumage is yellowish- white streaked 
and mottled with pole and dark-brown , discs grey with a 
dark-brown border, legs and feet have hairy feathers all the 
way down to the claws. The female is more red-brown m 
colour. They lay their eggs m hollow trees and rooks’ nests, 
as well as in similar places to the barn-owL If anything the 
tawny-owl is more useful than the precedmg species — voles, 
rats, mice, and all kinds of vermm being taken by it. It is 
especially abundant in woody districts, and is sometimes called 
the Wood-owL 

Both Short- and Long-eared Owls {Abio accipitriniis and 
A oU&8) are common in this country, the former especially in 
open, moorland tracts, but often over turnip- and stubble-fields. 
Numbers come from the Continent m the autumn. It seldom 
breeds here. Unhke most owls, the “short-ear” will take its 
prey in the daytime. Mice, rats, birds, and reptiles, also 
insects, are taken by it^ and it is said fish also. It may often 
be put up in the autumn when shootmg, and flies off with 
gi’oat rapidity. The Long-eared Owl is chiefly found in fir 
plantations. There it hunts for its prey during the night, and 
clears off much vermin. Although fairly common all the year, 
it is much more so in autumn, owing to migrations from the 
Contment. It breeds in old birds’ nests and squirrel-dieys 
All these owls may he said to he decidedly useful birds, and 
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tlie practice, still largely m vogue, of shooting them down 
should be prohibited by all landowners and farmera 

The Little Owl {Strix paaseriTia) is about nine inches long 
and has much increased in parts of England recently. It feeds on 
mice, beetles, and small birds, but also on com, fruit-buds, &c , 
and has done endless damage in some places It cannot be 
looked upon otherwise than as destructive. 

(ii) Maoeoohibes. 

Swifts (CrpsELiDie). 

The Swifts have all four toes directed forwards, and are pro- 
vided with long and strong claws. The bill is short and wide, 
the gape extending very far back, beyond the eyes. The nostrils 
are longitudmal, the borders being edged with small feathers. 
The wings are very long and pointed, and the tail forked in 
the genus Gypselus Swifts were formerly classed with the 
Swallows, but are now shown to be related more closely to 
the Nightjars, stiU more closely to the Humming-Birds. 

Cypselus ajpvs, the Common Swift^ is an abundant summer 
visitor, appearing annually about the end of April, and leavmg 
about the end of August. The colour is blackish-brown, more 
or less shiny, with a pale-grey or white area under the throat 
They make their scanty neats m holes in thatch, m church 
towers, crevices in ckffs and quarries, &c., in which they deposit 
two white eggs in June. The Swifts are very useful birds, as 
they devour numbers of insects, especially moths. 

Nightjars (CAPRiMULGiDiE). 

The only representative m England is the Goatsucker or Fern- 
Owl {Caprzmulgus europoBm), a migrant which arrives in England 
about the middle of May. They have an extremely wide gape, 
the edges of the mouth being furnished with a row of bristles. 
Insects, such as cockchafers and moths, form the greater part 
of their food, which they catch whilst flymg about at dusk and 
during the night. The nightjar lays its eggs upon the ground 
in open places amongst fern and gorse and in wood clearings 
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(ill) COEAOLffl. 

KlNaPISHHSS (AIiOBDINIDJe). 

One species only occurs here — ^namely, Alcedo iffpida, 'which 
is a resident bird, generally distributed over Great Britain. It 
delights m lakes, ponds, rivers, and even the sea-coast, darting 
about in straight hues, and suddenly plunging from its perch 
into the water to secure some unwary fish, upon which it lives. 
Dragon-flies and beetles are also eaten. The beautiful azure- 
blue back and dark -blue tail and chestnut breast and belly 
make it a conspicuous object. The nest is made in a hole m 
the banks of pieces of water and rivers. The eggs are laid on a 
layer of fish-bonea 

Three other groups are represented in this section, by the 
EoUer {Coi^acias gm'i'ulus)^ Bee-eater (Metope apiastef}*)^ and 
Hoopoe {Upupa epopB\ but they are only casual visitors. 

(iv) PlOL 

WOODPBOKBRS AND WrTNBOKS (PiOTD^). 

The Picidse have the hallux and fourth toe turned back, the 
second and third forwards (fig 225). 

Three Woodpeckers occur m Great Britain, — the Great Green 

Woodpecker {Gecinus mri- 
dis)^ the Great Spotted 
Woodpecker {Ptcus major), 
and the Lesser Spotted (P. 
minor). The Woodpeckers 
hammer out holes m trees 
in which they form their 
nesta The green wood- 
pecker cuts out a neat cir- 
cular hole, by choice in a soft-wooded tree — this tunnel running 
in as far as the hard central wood, and then turning downwards 
at right angles, where a large chamber is formed, m which the 
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five to seven eggs are laid on a bed of wood-chips. There is a 
new nesting-hole formed every year. Sound as well as decayed 
trees are attacked , but the good the green woodpecker does in 
destroying injurious insects makes up for the harm it does to a 
few trees. They feed almost exclusively on insects, especially 
the larvee of wood-bormg beetles, which we see them hunting 
for up the tree-tmnka The stifip feathers of the tail help them 
m their progress up the trunk. Ants and other ground-insects 
are also eaten by Q it being no unusual thing to see 

them huntmg on the ground. This handsome woodpecker has 
green upper plumage, greyish-green under plumage, and bright 
crimson crown and nape. 

The Great Spotted Woodpecker {Picua major) and the Lesser 
Spotted (P minor) also live m a similar way, and feed off wood- 
destroymg msects. 

The Wryneck [Timsc torguilla) is allied to the Woodpeckers, 
and makes its nest in a hole formed in a tree like the other 
Woodpeckers Its food consists mainly of msects, which it 
licks off by means of its long extensile tongue covered with a 
glutinous sahva. 


14. Fasseres or Passeriformes. 


The last remaining group includes the majority of our birds. 
They have fourteen or fifteen cervical vertebree, and the second, 
third, and fourth toes 
are always turned for- 
ward. The bram is 
more fully developed 
than m other buds, and 
the organ of voice is 
most highly organised 
The chief families are 
the Larks {Alaudido^)^ the Eooke, &c. {Coroidoi), the Starlings 
{Sturiiido^y the Finches (Fi'vngillido&^y the Wagtails (^Moici 



Fio 226 —Foot of PAflsnRncB Uihd (Wagtail) 
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dUidm), the Mycatchers {Musdcapidoi), the Tits {Pandm\ the 
Swallows {Eti-U 7 idinid(B\ the Turdtdm or Warblers {Sylmiiue), 
and the Tl^iishes ( TurdiruB), 

All these Pas&erifomes or Perching Birds have thin legs, and 
the males are usually more brilliantly coloured than the females. 
The young are nestlings, and are quite blind when hatched, 
being fed by the parents Both cock and hen take a share of 
incubation. Their food and habits, as we slmll see, are both 
very varied. 


TRUE OSOINES {OR SINGING -BIRDS), 

Tm AliAUDIDiE OE Laeks. 

The Larks have their bill in the form of an elongated cone, 
the upper mandible slightly curved, with no notch ^ the oval 
nostrils at the base of the bill partly covered with feathers, and 
the head-crest capable of being erected The hind-claw is also 
extremely long and nearly straight. The commonest English 
species are the Skylark {Alauda ai'VGnsis) and the Woodlark 
{A mboiea). The Larks mainly feed upon grain, but also 
take insects for their young They frequent open fields, where 
they form their nests on the gi'ound. During very cold 
weather, when they umte in flocks, they some tunes commit 
great havoc in gardens, eating the leaves of winter vegetables. 
They are augmented by vast arrivals from the north, and from 
the Continent in autumn. Larks dust themselves to get nd 
of the numerous lice parasites, a habit common to many 
Passeres. 


Ceows, Eooks, &C. (Corvidae). 

The Jackdaw (Coiim Tnonedvla), the Camon Crow {G, coione^ 
the Hooded Crow {G the Eaven (C7. covau^, the Eook 

[G, frugilegus), the hfagpie {Rica caudata\ and the Jay {Oar- 
ndvs glandamis), are members of the GovmdcG, The jackdaw, 
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crow, rook, raven, and hooded crow belong to the genus Ccn^vus, 
which is characterised by the following: beak hard, stout, 
straight at base, and sharp at edges ; the wings long ; nostrils 
hidden by stiff feathers 

The Magpie belongs to the genus Pica^ in which the beak is 


slightly notched at the tip of the 
upper mandible, and the wings 
are short and rounded. The jay 
belongs to the genus Oan'idm, in 
which the beak is shorter than 
the head. 

The Carr ton Crow {G, corona) 
is black like the rook ; the beak 
is strong and bent at the end ; it 
has black feathers at the base, 
there bemg no white as seen in 
the rook. G. corona breeds in 
trees, usually at a great height. 
The young, which are hatched out 
very early — usually whilst other 
birds are laymg — are most vora- 
cious. It is especially at this 
time that the crow does so much 
damage They rob the nests of 
game - birds both of their eggs 



and young ; poultry, leverets, and fiq 227 -Skoll op raven, reduced 
1 V 1 . (iBgithognatous) 

lambs have even been known to „ 

Mir p, MaxiUo-paliitliie , voinei*; 
be attacked, whilst they are said pz, palatine, 1% pterygoid, q, quad- 

to have killed ewes detached from 


the flock. With this food they feed the young, often carrying 
the bones and dihns away some distance, so that their nests 
should not be detected. They apparently pair for life. The 
crow flies either singly or m pairs, never in large flocks «s 
we see the rooks lu EnglEind, although it is said to do so 
abroad. The only good one can see that tliey do is to 
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destroy carrion on the searshore and on land, and to keep in 
check the voles and lield-mice, which they devour in numbers. 
They must, however, be recorded amongst our harmful species. 
Yet it is doubtful if it is wise to persecute them too far, for then 
we get rabbits and small mammals increasing to excess. 

The Rooh (C fmgilegm) is, on the other hand, beneficial 
The rook can at once he told by the white mark at the base of 
the hiH. Moreover, the rook is gregarious, flying about and nest- 
ing in large companies. The mam food of the rook consists of 
insect grubs, especially wireworm, leather-jackets, and cockchafer 
larvffl, and grain. What damage do the rooks do ? They pull up 
roots and leave them dying on the ground, they eat gram, and 
they carry off large numbers of walnuts Certainly in the last 
two instances they are harmful. The plants, however, they pull 
up are not always pulled up out of pure mischief, but to get al 
the vTireworm biting at the roots , thi8 they devour . they thus 
destroy one Jiurnip and one wireworm. How many turnips and 
other plants would the wireworm destroy in its three or even five 
years of life 1 Some hundreds of thousands, and thus by kilhng 
the pest the rook must he saving all those future doomed plants 
that come in the wireworm*s way. It is said that there are too 
many rooks, and thus their number must be kept down. This 
cannot be correct. If rooks are injurious, then kill them off en- 
tirely. It costs no more to scare 1000 rooks than 10 If 10 do 
good, then 1000 do so much more. Moreover, grain can be well 
preserved by mixing the seed with tar. An examination of 277 
rooks in 1912-1914 showed that they had eaten 658 harmful 
organisms and 5916 “ beneficials.'^ ^ This tends to show the rook 
to be harmful. Leigh ^ says : ‘'The Eook appears to feed largely 
upon insects in all stages during certain periods of the year, but 
is not very particular as to its diet, and if the supply of insects 
falls short (as it does during the winter months) a good deal of 

^ * The Food of tho Rook, Starling, and Ohaffinch * Supplement, 
‘Board of Agriculture Journal,’ p. 19. 1916. Theobald & M‘Gowau 

2 P. 62, Leigh. 
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gram and other food la taken ” This wnter la of opinion, m spite 
of the result of the 277 examinations, that the rook is beneficial. 

The JacMaw {Q. monedulci), which is much smaller than the 
rook and told by the grey colour of the back of the head and nape 
of the neck, is often found in company with it. They accom- 
pany rooks to their feeding-grounds, and neat if they can some- 
where near rookeries and the haunts of men The most favourite 
nestmg-places are hollow trees, cliffs, and church towers Jack- 
daws feed upon insects, grubs, fruit, and all manner of strange 
objects, which they delight to obtain and destroy. On the whole, 
they too may be considered useful birds to the farmer. 

The Magpie (Pica caudaia) and the Jay (Garmlvs glandarius) 
are both harmful to some extent, eatmg not only insects but 
the eggs of many of our mseot-feedmg birds, ducklings, chicks, 
and game, grain, cherries, as well as wild fruits Yoles make 
up the bill of fare. The magpie is found m open country , the 
jay, with its harsh screaming note, m woodland tracts, where it 
falls a ready victim to the gamekeeper’s gun, and it certainly is 
a pest in frmt and garden land. 

Starlings (Sturnidje) 

The genus Bturrms has a bill as long as the head, the edges of 
the upper mandible extending over those of the lower mandible. 

The Starling (S vulgaQis) needs no description. The young, 
however, might escape our notice, for they are very different m 
plumage to the adult. The young starhng is uniform ashy-grey 
without any spots, and has even been described as a distmct 
species by older writers Starhngs, especially after the breeding 
season, unite in large flocks, which fly at early morn to their 
feedmg-grounds, and may often be seen accompanying the rooks 
and jackdaws. The nests are formed in holes in trees, walls, 
dovecots, chimneys, &c , m which are found five to seven pale 
greenish-blue eggs The whole family of young and parents 
unite with others to form the flocks, and these break up again 
in the spring for nesting During their foraging expeditions 
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they feed on all manner of msect grubs, •which form their chief 
food. Ticks on sheep are greedily devoured by them and many 
snails. On the other hand, they cause much harm in cherry 
orchards. On the -whole, they do much more good than harm. 
Amongst the insects they are partial to are leather-jackets, wire- 
worm, larvea of moths, weevils, and plant-hce , slugs and worms 
are also eaten. In 1912-1914, 748 birds were examined, and 
6908 harmful organisms were found, and only 1652 “bene- 
ficials.” ^ 


Finohbs and Buntings (Frinqillid^). 

The Finches and Buntings form the family Frmgilhdm of 
the Pasaeres, the former being included in the sub -family 
FnnfjilliTUB, the latter in the suh-farmly Emherizinoe, 

The Fmches are remarkable for then short, thick, and powerful 
beak, the upper and lower mandibles' being about the same size, 
so that the beak when closed forma a short thick cone. All 
the Fmches are small, great numbers of species being found. The 
food consists largely of seeds, gram, and fruits ; but some are large 
msect-eatem, and all more or less feed their young on msect life 
The Buntings have both mandibles incurved at the edges, the 
upper one bemg slighidy smaller and with a hard bony knob. 

The following are the more important British FrmgiLliTKh : 
the BuUlinch (Pyrrhida)^ Lmnets (Acanthi8\ Chaffinch {Fh'inr 
gilla\ Sparrows (Passer)^ the Goldfinch {CaMuelt8\ and the 
Greenfinch and Hawfinch (Ligurinm and Goccothi auates) 

The genus Pip^rhvla, which contains our common bullfinch, 
is characterised by the hard short bill, which bulges at the 
sides, the upper mandible being longer than the lower and thus 
overhanging its pomt. 

The Bullfinch {PyiThula europcBci) is one of the most de- 
structive birds. Handsome as it is, we cannot say a word 
against its destruction, for the damage caused by Pyi'rhula 
eurojpma in orchards and gardens is often tremendous. In 
^ 'Board of Agiiculture Journal ’ Supplement No 16, 1916, p, 86. 
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the spring they commence to attack the blossom-buds of the 
fruit trees — cherries, gooseberries, plums, and apple being par- 
ticularly chosen. The ground beneath the trees is often found 
covered with the scales of the blossom-buds, showing the havoc 
they have wrought. We have frequently examined the buds 
of fruit trees being attacked by these birds, but have never 
been able to find any sign of msect or mite \vithin, so they do 
not pick them off for the same reason as the tits They nest in 
thick copses and hedges, forming the nest of fine twigs and diy 
grasses, and Iming it with fine fibrous rootlets, m which they 
lay five light greenish-blue eggs, streaked and speckled with 
reddish-brown and purple. 

The female alone takes part in the incubation. The young 
are fed partly on msects and their larvflS, and seeds softened, it 
IS said, by the female. Various seeds also form the food of the 
adult, such as those of the chickweed, thistle, plantam, and 
gioundsel. It is needless to give a descnption of the bird, as 
it 18 so well known ; but the young may be pointed out as 
differing from the adults by having no black on the head. 

The Linnet {Acanthis cannabinci) — The Linnet is widely 
distributed m England and Wales. In Scotland it is replaced 
by the Mountain Twite {A. flaviroati'is) In colour the linnet 
is very variable • the head in the male is mottled brown, red 
in the centre, back chestnut-brown, dull brown towards the 
tail, which IS black, the outer tail-feathers bordered with w^hite , 
primary wing-feathers black, bordered with white and tipped 
with ashy-grey, breast-feathers reddish-brown, edged with 
yellowish-red; abdomen dull- white, fianks reddish-yellow j bill 
horn colour, legs brown In summer the beak is bluish-brown in 
colour and the feathers of the crown greyish-brown, tipped wiLli 
crimson, the back being bright chestnut-brown. The linnet 
nests on commons and heaths, especially m gorse and jumper 
bushes and low hedges, about the middle of ApnL Four to six 
eggs are laid m the wood-lined nest, of a bluish-white colour, 
speckled and streaked with reddish-brown and purplish-grey 
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There may be two broods m the year. In autumn they unite 
mto large flocks, and may be seen flying with a curious dipping 
motion over the stubble, which they work for their food. 
Mustard, rape, charlock, and other oily seeds are preferred by 
them, also thistle and dandelion seeds, whilst insects are now 
and then, eaten amongst other seeds we may mention flax, 
hemp, docks, and com occasionally The residents are aug- 
mented in autumn by large numbers that come from the Con- 
tinent to the east coast, and by others that migrate southwards. 
In spring these flocks break up and they pair off. They do 
much good on the stubbles by deatroymg vanous weed-seeda 
Other British species are the Mealy EedpoU {A, hnaHa)^ 
the Lesser Eedpole (A, ru/esceTis)^ the smallest British finch, 
and the Twite {A flavvrosh'is) with its longish tail, common m 
the north. This latter is sometimes very harmful to young 
cabbage and other crucifers m the north of Scotland. The 
mealy redpoll is almost confined to the north, but flocks some- 
times appear as far south as the ChanneL 

The ChaffiTich {Fmigilla codehs ), — This is one of our moat 
beautiful finches, yet often a veritable scourge to the gardener 
and even farmer In the male the crown of the head and nape 
of the neck are French-grey, the rump green, the hack chestnut 
and green, the breast reddish-pink, turning to white on the 
abdomen \ the black wings have two pure-white bands, and the 
tail is black in colour, except the two grey middle feathers, 
and a broad white hand on the outer two. The female is ashy- 
brown and ohve-green, the lower parts being paler and the 
bands leas distmct than in the male. The chaffinch builds 
a beautiful compact nest of moss and lichen, often on lichen- 
covered trees, so much resembling the tree in appearance as to be 
distmguished with difficulty Two broods are often produced m 
the year In the winter they unite in flocks, the males and 
females separately, the males being most abundant in northern 
counties at this time of year, the females apparently going 
southwards They feed upon all kinds of seeds, especially 
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tliose of an. oily nature. As soon as the garden seeds are in 
—such, as cabbage, turnip, beetroot, mustard and cress, and 
radishes — they soon go if the chaffinch finds them out. They 
also clear off the young shoots of plants and flowers, and even 
destroy germinating gram On the other hand, they eat numbers 
of weed-seeds on the stubbles, especially the pernicious charlock, 
and feed their young on msects of various kinds, such as plant- 
lice, as well as devourmg some themselves. On the whole, the 
chaffinch does as much good as harm, if we could only keep it 
away from our seeds — an almost impossible task. A result of 
an examination of 527 bii'ds in 1912-1914 showed 910 harmful 
organisms and 743 beneficial It is very difficult to form any 
true judgment as to its economic status.^ 

The Sparrows {Passer ). — There are two British sparrows, 
the House-Sparrow (P domesticu^ and the Tree-Sparrow (P. 
montanvs). These two can be distinguished by the ear-region 
of the house-sparrow being bright grey, whilst that of the tree- 
sparrow is deep black j the former has also a reddish streak 
behind the eye, and the wings with one dusky white bar j the 
tree-sparrow has a black strealc behind the eye and two white 
bands on the wings, and a white ring nearly roimd the throat ; 
the head is a bright chestnut colour The tree-sparrow is not 
abundant like P domesticm^ it is usually found m company 
with the latter. They are both very destructive at times. Corn, 
both m the seed and when in crop, is materially damaged by 
them, and there can be no doubt but that they are the cause of 
much loss in that respect to the farmer , but com }s not to be 
obtained all the year round, though they take it whenever 
possible m the farmyard, often eating as much as the poultry. 
At other times sparrows do some httle good, for they devour 
many insect pests which we could never get at. The writer 
at one time condemned these birds before some farmers and 
gardeners m Surrey, when he was promptly brought to order by 

^ ‘Board of Agnculture Journal,’ Supplement No. 16, p 49 1916, 

Theobald & M‘QowaD. 
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more than one, who pointed out their great benefit m destroying 
insects. Certainly they can he seen clearing off the “ colliers ” 
on beans, the green Dolphin on peas, and the “ hhght ” on com, 
and they feed ravenously on small larvea on fruit-trees, such as 
the young Winter Moth and Tortrices Water-cress growers 
say their chief remedy for the “ caddis- worms ” is to lot the 
beds run dry, when the sparrows soon clear them off Put to 
this the fact that they devour large quantities of weed-seeds, 
and then we may not think so ill of this cosmopolitan bird. 
We know not what might happen if we eradicated them — an 
almost impossible act to perform, as they are immensely prohfic, 
having often three broods m the year They are, however, far 
too abundant, and should he thinned out to some considerable 
extent The young, hke aU finches, are fed entirely on msect 
food, and thus it is advisable not to destroy the nests, but to 
kill off the birds later m the year Another great fault is 
that of waging war against the beneficial martins. This bird 
has been called the ‘‘ Avian Eat,” and no doubt does a vast amount 
of harm in com districts, but m fruit land it does a deal of good. 

The Goldfinch {Carduplw elegam), although not nearly so 
common as formerly, is stiU met with all over Britain. Like 
till finches, the young are fed on msects , the adults hve upon 
the seeds of thistles, knapweed, groundsel, and docks. Numbers 
come to these islands to breed m April, and leave agam about 
October, migrating across the Channel 

The StsJan (Ghrgsonntns sjpinua) breeds in the central and 
north-eastern portions of Scotland, although a few nests arc 
found every year in England The young are fed mainly on 
plant-hce, while the adults devour great numbers of weed-seeds 
The Qremfincli {Ligunnus chloris) is often very destructive to 
seeds ; hut the young are fed upon caterpillars, and as they are 
very ravenous, there is no doubt but that the greenfinch does 
some good The larvae of the winter moth are taken in 
numbers by them, yet as a seed-destroyer m the garden this 
bu’d IS most noxious. Its nest i? built in hedges, in shrubs. 
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]n ivy, &c , — a loose structure built of fibrous roots, moss, and 
grasses, with a lining of finer matenal and feathers. The first 
nest is built in Apnl, and a second brood usually follows. 
Elocks of greenfinches may be seen on the stubbles in the 
autumn, where they not only feed off weed-seeds but also 
attack newly-sown wheat 

Buntings {Emhofti,zina^, 

Of the eleven species of Buntings found in Great Britain, 
the Yellow-hammer (Emhenza citnndld)^ the Eeed-bunting 
{E, 8cTi(Bmculus\ and the Co?.m-bunting {E, miliaria) ore the 
commonest 

The Ydlow-Jmnimepr {E citnnella) has its head, neck, breast, 
and lower parts generally yellow streaked with dusky-brown, 
the upper surface being reddish-brown. The female is not so 
yellow os the male. They may be found in all parts of Great 
Britain, building their slight neat of grasses and moss on or near 
the ground, in April and May Both male and female help in 
incubatiom Young and adults feed off insects in the summer, 
but in autumn fruits and seeds take the place of insects, and in 
winter com as well They unite in flocks in the wmter, and 
may be seen in the fields busily engaged bunting for the weed- 
seeds, whicli they eat m large numbers. Such generally is the 
food of the Emberizinee 

Einches, with the exception of the bullfinch, sparrow, and 
greenfinch, may be said to be more or less useful birds, on account 
of the numerous insects and weed-seeds that they destroy. 

Swallows and Martins (Hirundinidje). 

These useful miginnts have all long and pointed wings with 
nine primary feathers. The three species — the Swallow, House- 
martin, and Sand-martin — are placed in three separate genera. 
They have all a wide gape, with few hairs on the mouth , the 
feet ard short, with three toes directed forwards, one behind. 
The tail is more or less forked 

2 E 
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The Swallow {Hirundo rushed) belongs to the genua Hixundo, 
in which the tail la strongly forked and consists of twelve 
feathers, the outermost ones bemg elongated to form the two 
tails; the legs and feet are bare. The swallow is only a 
summer visitor, amving about the middle of April, and leaving 
again in the autumn The nests, of clay and mud Imed with 
fine grasses and feathers, are chiefly placed in sheds and chim- 
neys and ledges of rock. They feed, both in young and adult 
stages, upon various insects taken on the wmg, especially crane- 
flies l^vpulcB)y moths, gnats, and beetles. Swallows unite in 
large flocks prior to migrating lii the autumn Two and even 
three broods are produced during their stay , sometimes the last 
brood does not develop in time to undertake the long migration 
Whether these backward birds stay all the winter seems a 
disputed point. They may now and then be seen at Hastings 
in November, and twice I have observed them m December 
flymg about on a warm day. 

The Sousermarttii (Ohelidon urlicd) has a forked tail, but it 
is not long hke the swallow, and the legs are feathered above. 
This martin generally arrives a little later than the swallow, and 
leaves in October and November A few have been seen in 
December The nest, of mud, is placed under the eavea of 
houses, walls, and rocks , the nest is cup-shaped, with a hole at 
the top or side. They, like the swallow, feed entirely on 
insects. Sparrows wage war against them, and often drive 
numbers away from their nests. 

The Sand-maohn {Oohle n;pana) often makes its appearance 
at the end of March, and commences to leave at the end of 
August and in September The genus Cotile has a tuft of 
feathers only on the leg, just above the hallux. It nests m 
sandbanks, railway cuttings, and sand-quarry faces, makmg a 
slanting tunnel with a large chamber at the end. On the 
floor of tliis chamber are placed a few pieces of fine grass and 
feathers, where the bird lays from four to six pure-white eggs. 
Sand-martms breed in colonies, and are often attacked by 
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sparrows, which they occasionally defeat when large colonies 
are invaded Like the two preceding species, insects form the 
sole food. 

Wagtails Am ) Pipits (Motaoillid^). 

The Motacillidee contain two genera, the Wagtails {Motadlla) 
and the Pipits {Anthua), The bill is nearly straight, slightly 
notched at the tip, the mandibles nearly equal in length, and 
their edges slightly compressed inwards In the Wagtails, the 
tail, which consists of twelve feathers, is long and the feathers 
nearly equal ^ m the Pipits the tail is only moderately long and 
shghtly forked. The tarsus in the Wagtails is longer than the 
middle toe, but in the Pipits it is the same length. The Wag- 
tails are partially migratory m habits Pive distinct species are 
now recognised in Great Bntain Of these the Pied Wagtail 
{M. luguhris) and the Yellow Wagtail {M. rail) are the most 
pibundant, the other three are the Blue-headed Wagtail {M.flava)) 
the Grey Wagtail {M, melano^^e), and the White Wagtail {M, alha). 

The PiM Wagtail {M. Itiguhns) is a common bird throughout 
Britain. They move southwards in the autumn, large flocks 
leaving for the Continent in September and October. They 
return m March — the males, as a rule, first The “ dishwasher,” 
as the pied wagtail is often called, frequents the banks of 
streams and ponds, where it runs about jerking its tail up and 
down, and feedmg upon all manner of insects. They may often 
be seen following the plough, picking up with great dextenty 
the insects turned up in the soil Some remam in the south all 
the year round The neat is made m April, generally in a hole 
m a bank or the hollow of a tree or wall, and is composed of 
dry grass and dead leaves, lined with wool, hair, and feathers. 
From four to six greyish-white eggs speckled with brown are 
laid in it, and very often we find the cuckoo’s egg in the nest 
The plumage is variegated with black and white , back, chin, 
throat, and neck black, except a small part of the neck which is 
white , in winter the back is ashy-grey and the throat is white. 
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The White Wagtail {M. alha) is the Continental form of the 
above species, from which it may be told in the summer by its 
back bemg pearl-grey and the flanks grey instead of black Its 
food and habits are identical with the above, but it is not so 
common. 

The Grey Wagtail (M melaTiope) can be told by its yellow 
tints. The head and back are grey, but the neck and breast 
are yellow, and the throat is black. We find this species in the 
south in winter , but m summer it goes north, to make room, aa 
it were, for the other wagtails that migrate from the Continent. 
It IS chiefly found by rapid streams and rivers in mountainous 
and hilly country in the north, only coming south in winter and 
during migration. It builds its nest in banks by the sides of 
streams and feeds upon aquatic insects. 

The Blue-headed Wagtail {M. flava) is the Continental form 
of the grey wagtail, from which it can be told by the absence 
of the black on the throat. It is especially found m the south, 
south-west, and east of England. It seems to prefer flies, which 
it takes quite close to animals which attract them. 

The Yellow Wagtail {M. rail) is one of our regular summer 
visitors, and is generally common. In colour this bird is yellow 
and ohve ; the head, nape, and back are pale olive ; chin and 
lower parts yellow ; a yellow streak is also present over the eyes. 
The neighbourhood of ponds, canals, and ditches seems its 
favourite locality , but they may also he seen near cattle, catching 
the flies attracted to them. All these birds are insect-feeders, 
and thus should be encouraged and their nests preserved 

The Pipits (Anthiis) are insectivorous, but weed-seeds are 
also eaten by them. 

ThB SeMKBS (IiANIIDiB) 

The, Shrikes or Butcher Birds have a rather short compressed 
hill 3 the upper mandible hooked at the point, and with a 
prominent tooth. The base of the hiU is beset with bristly 
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feathers directed forward. Four species are found in Britain ; 
the Eed-backed Shrike (Lamas colluHo) is the most abundant. 
This bud arrives in the early part of May, and leaves us again 
in August The nest, which is laige, is placed in a thorn 
hedge as a rule, some five or six feet from the ground The 
food consists of lizards, mice, beetles, bees, and other insects. 
Tfie food, especially the insects, are impaled on thorns around 
the nest, hence their common 
name “Butcher Bird ” Three 
others are found in the 
summer — ^namely, the Great 
and Lesser Grey Shrikes (L, 
excuhitor and minor), and the 
Woodchat (Z. pomeranua) 

The Butcher Bird is looked Fio 228 — Hbad op shbikh, 

noon as one of the farmer^S Red-backed shrike (Laniw edUurio). 

* (Slightly enlarged ) 

friends ; but if one examines 

the larder of these birds one finds as many beneficial and 
useful insects as injurious ones impaled upon the thorns. 

The Tits (PAmDM). 

This useful family of birds are often accredited with de- 
stroying fruit-buds. If we examine the buds being attacked 
by them, we shall find that they contain either some mite or 
maggot, and thus they are doing us mestimable good. They 
are all mainly insectivorous. The commonest species are the 
Great Tit (Parus major) and the Blue Tit (P. ccerul&us). Both 
these birds peck the base of pears, and so do harm ; but they 
may be kept from this m plantations by growing sunflowers, so 
that they seed the time the pears are ripening. 

The Great Tit is more abundant in the south than the north. 
It IS extremely vicious, and its strong beak makes it a formid- 
able enemy. It is said that it attacks other small birds, and 
cracks their skull open to feed upon the brain. The chief food 
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consists of insects of various kinds, especially small larvse and 
pupfiB. Like all the Paridee, the Great tit is ^ expert climber, 
hunting for grubs as it progresses up and round the tree-trunk 
and boughs. They make their nests in all manner of queer 
places, the nest bemg lined with fur, hair, and feathers, and 
contains as many as eight or nine small white eggs spotted 
and blotched with pale red. The head and throat are black, 
back olive-gi’een, breast and abdomen yellow, a black line 
running down the breast 3 cheeks pure white* 

The Elite Tit (P, ccervleas), sometimes called the Tomtit, is 
another most useful bird. It builds its nest in holes in walls, 
trees, &c. The young are fed with small larvee and plant-hce. 
The old birds hunt the orchards and clear off endless hiber- 
nating insects, such as codling-moth larvae, American blight, 
aphis, and red-spider eggs. Sometimes they damage buds, but 
it IS nearly always for the enclosed mite Most fruit-growers 
now encourage it for the good it does. 

The other British species also feed on a similar diet, varied 
with seeds. Large numbers of blue tits seem to come from 
the Continent in autumn and help to clear our orchards of 
insect pests. Every thmg should be done to tempt these useful 
birds to our orchards and gardens. 

Warblers (STLViiNiE). 

The Warblers, such as the Whitethroat {Sylvia cinm'ea)^ 
the Chiffchaff {Phyllosco^pua rufits), and many others, mainly 
migrants, are msectivoroua m habits Some feed upon fruits as 
well as msects , the Blackcap (Sylvia atncapilla), for instance, 
often does much harm to red-currants and raspbernes, whilst 
abroad it attacks figs and oranges, and even here damages figs. 
The Garden Warbler (S hoHensis) also does some harm, feedmg 
off peas and fruit , but its young are brought up on caterpillars, 
especially those of the noxious Pieridse or Whitea Similar 
remarks apply to all the species, of which there are some 
twenty recorded in Great Britain. The young warblers differ 
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but slightly from the adults in coloration. The Whitethroat^ 
do endless good in clearing off pea aphis, spruce chermes, &c. • 

Thrushes, Blaokbirds, &o. (Tubdid^). 

The lost sub-family of the Turdidse contains the Thrushes 
and Blackbirds (Turdus)^ the Wheatears {Saxicolci)^ the Eobin 
{Enthacu8\ and the Nightingale (Davhas), &c The young of 
the Turdidse differ from the adults in plumage, always having 
the upper paiiia more or less spotted The Turdidse live upon 
insects, molluscs, seeds, and fruit 

The BlacKhird {Turdus meinila) need not be described, a^ 
it is too well known. It is a resident over the greater part 
of Britam. It is no unusual thing to get white and piebald 
specimens of the blackbird. The food is very varied : they 
destroy many msects, and are especially useful as snail and 
slug devourers ; but they commit sad havoc with the fruit, 
notably gooseberries, in the summer, especially in dry weather ; 
they peck the best apples and pears and ruin them, and 
as they have of recent years much increased they should b^ 
shot m fruit districts The hen is dusky-brown with a spotted 
breast, whilst the beak is brown with yellow edges , the cock 
is deep black with a yellow bill. The curious habit it has 
of raismg its tail whenever it perches will always enable the 
observer to detect it. It nests very early, in bushes, trees, and 
hedges the nest is lined with fine grasses, m which are laid 
five greenish-blue eggs streaked and spotted with reddish-brown. 

The Thrush {T, miLsicus) also feeds upon much the same 
food This beautiful song-bird, the “throstle” of the north 
country, is found all over the islands. They often migrate 
in large numbers, this movement taking place at night. The 
nest, which may be made m February, is kned by a smooth 
coating of dung and mud, and in it are laid four or five blue 
eggs spotted with black or dark-brown The food, although 
similar to the blackbud, is more varied. They do an immense 
amount of good in the garden by crushmg and eating the snails. 
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and by devouring hordes of slugs, wood-lice, insect-grubs, &c 
The snails are smashed, as a rule, against a atone or tree and 
soon eaten ; heaps of bioken snail-shells may often be found 
lying about, the remains of a “ throstle’s ” meaL They, how- 
ever, do some harm to fruit, always taking the choicest kinds ; 
but in ordinary numbers they cannot be otherwise than looked 
upon as gardeners’ friends. 

The Fteldfa) e (T ;ptlaru) and the Redwinfj {T, iliacm) are 
regular winter visitors, feeding upon insect-grubs and worms in 
the fields and woods, unless the ground is covered with snow, 
when hemes are eaten 

The Miasd-TTimsh {T visdvorws) is another permanent species, 
the largest of the genua. It breeds in our islands, and its 
numbers, hke so many of our birds, are greatly augmented in 
winter by migrants The “ storm-cock,” as it is sometimes 
called, makes its nest m the fork of a bough of a tree as early 
as February. In habits the missel-thmsh is very vicious, often 
attackmg other birds and carrying off the nestlings. The food 
consists of various wild hemes, worms, snails, slugs, and insects. 

The ITighUngale (pavhm luscinia) is found in the southern, 
eastern, and midland counties of England In the west it 
becomes rare, and is almost unknown in Devon and Cornwall 
In Wales it is very rare, whilst it is quite unknown m West- 
moreland, Cumberland, Horthumherland, Durham, Scotland, 
and Ireland. This noted amgmg bird comes to ns about the 
middle of April , hut I have notes of its appearance in Sussex 
and Kent as early as April 3 It leaves us again m the 
autumn, either singly or in small fiooke. Insects form the 
chief food; but fruit, hemes, and worms are also devoured. 
The old birds migrate later in the year than the young 

The Turdidse are mostly beneficial, although at times they 
rob ns of our fruit, and, in the case of the blackbird, need 
keepmg in check ; but the vermm that they kill would do 
far more damage than they do. These birds have the most highly 
developed voice, and their general structure places them at the 
apex of bird organisation, the bram especially being well formed. 
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EMBRYOLOGY OF THE OHICK 
The Egg of the Eowl. 

Poultry are a very profitable adjunct to the farm They not 
only produce biffis for selling and eggs, but act as a very prolific 
source of keeping down insect pests, and thus a study of the 
fowl, its egg and development, seems to be an important point 
in Economic Zoology. 

It is necessary that we should have a complete knowledge of 
the structure and formation of the hen’s egg before we can 
consider the stages that take place within it during the devel- 
o]iment of the chick. To examine an egg we should be careful 
first to obtain a fresh one, and then compare it with one that 
has been kept some time. A fertile and an unfertile ovum 
should likewise be compared. 

The external envelope is the &hell (fig 229, Sli\ which is 
composed of two layers The shell is impregnated with calcic 
salts ; it IS more or less porous, to allow the free interchange of 
gases, which are necessary for the respiration of the contamed 
embryo dunng the process of incubation. The shell may 
become coloured witli pigment, both layers of it sometimes con- 
taining colouring matter Lming the shell are two thin skins, 
the shell-membranes (Sh.m)y the outermost layer being much 
the thicker of the two. In a fresh egg these two shell-mem- 
branes are closely approximated together, but can easily be 
separated at the broad end of the egg Every day the egg is 
kept the farther these two membranes separate at the broad 
end of the shell, forming in eggs that have been kept some 
time a cavity called the air-cliamher {Ac) This air chamber 
gradually mcreases in size as the white of the egg becomes 
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smaller by the evaporation of its water Beneath the inner 
shell-membrane is the white or albumen (TF) of the egg. This 
white IS a mixture of proteids, fats, extractives, and saline 
matters. In this layer agam we can distmguish between a 
fresh and a stale egg * in a stale egg the outer albumen is 
always more or less soft and watery, whereas m a fresh egg 
it IS quite firm. This white contains no leas than 86 per cent 
of water. The yolk lies within the white, and is enclosed in 
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OA, dhalazo. (Modlfled after AU6n Thomson ) 


a thin membrane called the mteUine inemlrane^ which is partly 
elastic in nature, and easily- seen puckered up when we break 
the yolk of an egg. 

The yolk (F) itself is of two kmds, yellow and white ; it, 
however, mainly appears yellow in colour, except at one place 
where a small round pale area exists, about the sixth of an 
inch across, the so-called hla^toderm, The’yeUow yolk is sur- 
rounded externally by a thin layer of white yolk which passes 
under the blastoderm, where it extends into the middle of the 
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egg, forming a flask-shaped central white mass of yolk {Wy. i). 
It IB this part that remains soft in a hard-boiled egg Between 
the outer thm layer of white yolk and the central flask-shaped 
mass are several other thm concentric layers of a pale hne 
( Wy. ii), so that the yolk of an egg really consists of alternate 
thin white and thick yellow strata. Between the yolk and the 
shell-membranes at each pole of the egg is a twisted cord — the 
chalam (Gli). These two chala^se do not quite touch the 
neinbranes, but spread out to a slight extent over the vitellme 
membrane. They act as buffers which help to keep the yolk 
m its place. 

The hla8tod&i*m vanes according as to whether the egg is 
unfecnndated or fertile. In an unfecundated egg this “ spot ” 
IS whitish in colour and more or less umform all over ; there 
may be very irregular clear spaces in it. In a fertile egg we 
shall see an opaque rim called the area qpaca/ mtemal to this 
a clear space, the area peUucida. In the middle of the latter 
area is a central white body, formed by the upper neck of the 
flask-shaped central white showmg through. This blastoderm 
is composed of two layers , the upper consists of a single row 
of cells, the lower of a laiger number more nregularly disposed. 

The Origin and Formation of the Egg. 

As previously pomted out, the left ovary only is found 
normally m birds, situated on the left side of the backbone and 
agamst the dorsal wedl The appearance of the ovary vanes a 
great deal with aga All we need consider here is the active 
adult state m which it is found when the hen is laying. At 
this period the ovary consists of a number of various-size d 
vascular capsules, in each of which is a primitive ovum (fig. 
214). The smallest or youngest ova are simple cella Edch 
ovum contains a nucleus (fig 229, w), otherwise the '‘germinal 
vesicle’", m this latter is the nucleolus (wm) or germinal 
spot. The most recently formed ova are ■ naked cells, and 
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about 1 mm in size. A little later each ovum is enclosed m 
two membranes — the inner a radiately striated membrane called 
tlie zoiia 7 adiata, the outer one lying between the zona and the 
epithebal layer surrounding the ovum, the vitelline membrane 
The zona disappeaiB, and leaves the ovum surrounded by the 
vitellme membrane alone. The lai^est of the capsules then 
contains a roundish yellow yolk-hke body enclosed in a thin 
membrane — ^the ovarian ovum Upon tins body will be observed 
a small disc, the genninal disc, which consists of a globular 
body, the gememwil vesicle, embedded in a mass of protoplasm. 
This yolk mass is then the true ovum, and this alone. When 
quite ripe it is dehisced from the ovary and passed into the 
funnel-like head of the oviduct. The reader must again be 
referred back to p 349, where the structure of the oviduct is 
pointed out It is in this oviduct that the white, shell, &c , of 
the egg IS formed, by secretions from its glandular walls. In 
the second part of the tube, the oviduct proper, the albumen is 
deposited, and then the chalazae and the albummous layers com- 
pleted. At the lowest end of this second division the shell- 
membrane is produced It is said that the egg remains in the 
oviduct proper about three hours The shell is formed by the 
waUa of the third portion of the oviduct, the uterme portion 
From the glandular waUs of this uterme tube there is poured 
out a thick white covering to the egg, m which the morgonic 
matter is deposited It takes normally from fifteen to twenty 
hours to traverse this part of the egg-tuhe. On leaving it the 
egg 18 rapidly passed out of the cloaca by the muscular contrac- 
tions of the uterus, &c. Thus by knowing the structure and 
function of the various porta of the oviduct, we can tell what 
portion IS diseased when we find parts of the egg iH-formed, 
such as absence of white or a thm shelL 

The egg is fertilised in the fiist part of the oviduct, where 
the spermatozoa may be found freely moving about in the 
fluid contents of that cavity. After the egg is fertilised, 
and the various phenomena directly following impregnation 
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have taken place, the germinal area of the egg commences to 
undergo the process known as segTneniatimi The bird’s egg 
commences to segment soon after the eggshell is formed The 
germinal area, which is a smgle cell in the ovanan ovum, at 
first divides into two by means of a furrow miinmg across the 
germmal disc, this is shortly followed by another furrow at 
right angles to it, but not quite symmetncally. Then each 
of these quadrants becomes cut up by radiatmg furrows, and 
each IS cut across agam in the centre by a cross-furrow, so that 
the central cells are smaller than the outer ones. This cell- 
division goes on rapidly, always with greater rapidity towards 
the centre of the disc Eventually the whole disc becomes 
more or less equally divided into a number of small cells, not 
only from above downwards, but horizontally also The disc 
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now becomes the Vlastoderm^ m which we can distinguish two 
layers The cells of the upper layer are closely applied, small, 
columnar, and with distmct nuclei, and form a defimte mem- 
brane The lower masses are composed of larger cells some- 
what rounded and irregularly disposed This stage may he seen 
on taking a section of the disc in an egg soon after it is laid. 

Erom this two-layered blastoderm the bird is built up during 
the twenty odd days of incubation. Only the area pdlucida 
takes place in the formation of the embryo , the area opaca 
gives nse to various appendages of the embryo, which all 
eventually disappear The blastoderm, as mentioned above, 
consists of two layers : the upper layer becomes the epiblast 
(fig 230, ^), and the lower the hypoUast {Hy) Between 
these two a third is formed, the meaoUast These three gor- 
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mmal layers are present in all animals. From the epiblast 
arises the epidemus, the central nervous system, and sense- 
organs , the mesohlast gives rise to the vascular, muscular, 
skeletal, and connective tissues, excretory organs, and the 
generative glands. The lowest layer forms the lining of the 
ahmentaiy canal (except near the mouth and anus, which 
are Imed by epiblast) and the glands attached to the ahmentary 
canal 

The blastoderm gradually grows round the yolk, and forma a 
sac round it by the seventh day of incubation. The area opaca 
IS the part that covers the yolk, not the areapdluoida Whilst 
this extension of the blastoderm is going on, the embryo dhick 
becomes formed by a folding-off of the central part of the area 
pdlucida. At first there appears a semilunar groove, which, as 
it were, tucks in a small part of the blastoderm m the form of a 
crescent — the head-fold. Some time after the formation of the 
head-fold there appears a aimilar, but smaller, fold at the opposite 
end of the disc — the tail- fold — which travels forwards whilst 
the head-fold passes backwards. Between these two folds two 
lateral folds appear; these sink mwards, whilst the head- fold 
passes backward and the tail-fold forwards, tending to join m 
the middle Ime, and thus give rise to a small sac above, con- 
nected by a continually narrowing neck with a larger sac below. 
The upper is the “embryomc sac,’^ the lower the yolk-sac; 
as the former grows the latter disappears. The yolk-sac is 
gradually absorbed for nounshment by the embryo chick being 
formed m the sac above. Within one or two days of hatching 
we shall see this yolk-sac disappear into the chick. The em- 
biyo thus folded off from the yolk-sac gradually thickens, and 
throws out various processes, swellings, &c , to form the legs, 
Avmga, and other parts by unequal growth Internally more 
compheated changes go on. On the upper surface is seen a 
streak, the primitive streak, in which appears a depression, 
the primitive groove. In front of the primitive groove there 
is formed a thickening of the epiblast, the medullary plate, the 
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sides of wMch, the medullary folds (m/), grow up and meet, 
forming a tube, the neural tube, the future cerebro-spinal canal 
(fig 232, Hhy Below tins, during the first day, appears pre- 
viously a rod of cells, the future notochord (Not), 

The blastoderm early m development becomes thickened by 
the growth of the mesoblast {Mea). The mesoblast on each 
side then cleaves mto two layers. The upper part of the 
mesoblast unites with the epiblast to form an outer layer, the 
lower with the hypoblast to form a lower and mner layer 
These two layers, known respectively as the upper, outer, or 
eomatojpleure^ and the lower, inner, or splanchnojpleui grow 
down and meet to form two tubes The inner tube, hned 


Mte 

Fio 231 — TKANBvsRaB Bbction of Blastoderm, incalDatod for olgliteon 
hours. (After Foster and Balfour ) 

Bptblast , ATea, mesoblast ; Ey^ hypoblast , modnllary groovo , m/, medaL 

lory fold , Woi, notochord. 

by hypoblast, is the alimentary canal, wnich m tune becomes 
perforated at each end by two mfoldings of the epiblast, form- 
ing the mouth and anus. The outer tube forms the tube of 
the body, the space between these two tubes being the body 
cavity. The embryonic sac is connected with the yolk-sac by a 
gradually narrowmg hollow stalk This stalk, like the embryonic 
sac, IS double, there being a somatic and a splanchnic tube : the 
splanchnic tube connects the alimentary canal with the cavity 
of the yolk-sac ; the somatic stalk connects the body walls of 
the embryo with the aomatopleure of the yolk-sac. Very soon 
m development the splanchnic canal becomes obhterated, and 
thus shuts off the yolk from entering the alimentary tube. The 
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yolk then finds its way into the body of the chick by means of 
absorption through the small blood-vessels. When the period 
of mcnbation is nearly complete the yolk-sac, which has gradu- 
ally dwmdled awajr, owmg to the absorption of its contents, is 
withdrawn with its splanchmc membrane mto the abdomen of 
the chick, and the waUa of the abdomen close over it, leaving 
the somatic layer to shnvel up and disappear 

Another embryonic membrane of great import arising with 
the two layers referred to above is the amnion {mde fig 236). 
The amnion is a membrane which anses from the somatopleure 
by a senes of folds, and which envelops the embryo completely. 
Beneath these folds, which constitute the amnion, lies the em- 
bryo in a cavity filled with liquid — the anmiotic cavity {AQ)^ 
Each fold is composed of two layers, and when they meet above 
the embryo, the mner hmbs go to form an inner layer and the 
outer a similar outer sac. The mner sac is the amnion 
and contams the ammotic fluid. The outer sac lies close to the 
viteUme membrane of the yolk, while its peripheral borders 
extend, as the somatopleuric layer mentioned before, over the 
yolk-sac This outer sac is the false amnion or serom mem- 
biune^ and must not be confounded with the true ammon 

Lastly, we find an embryomc investment formed as a diver- 
ticulum from the alimentary canal This foetal membrane is 
the dUantois (aZ), fornung a projectmg sac in the pleuro- 
peritoneal cavity, which grows up between the true and false 
ammotic sacs. The aUantois then becomes full of blood- 
vessels, and overhes the developmg embryo, assuming a 
respiratory function. 

Such, briefly, are the general structures of the embryo and 
its membranes at an early period of development. W‘e shall 
now trace some of the more important changes and growths 
that appear from day to day during the incubation of the 
egg 

Changes during the fitst day , — During the firsr day of incuba- 
tion the third or mesoblastic layer appears {Mes^ fig 231). This 
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mesoLiftst origuiates as two masses from the hypoblast, and the 
notochord referred to below arises in a similar way and at the 
same time. Before the end of the twelfth hour a streak appears 
at one end of the area pdluciday the p'-imiiwe streaky which is 
due to the thickening of the middle portion of the blastoderm by 
rapid cell-division of the epiblast About this time the geimmal 
area alters in appearance, the area pellueida becoming oval, and 
then about the fifteenth hour pear-shaped, and the pnmitive 
streak becomes the primitive groove by a lateral fold ansmg 
on each side. Between the seventeenth and twentieth hours 
there appears an axial opaque line below the primitive streak , 
this IS the notochord {Not\ which is composed of a number of 
concentrated cells. There then appears a groove in front of the 
primitive streak, the medullary groove (md), m a thickened epi- 
blastic plate, which gives rise to the central nervous system , 
this IS plainly seen about the twentieth hour. At the same time 
there will be noticed a fold in front of the head-fold that is com- 
mencing to appear ; this is the amnion From now to the end 
of the firat day development proceeds rapidly. Tlie head is 
definitely commencmg to form In front the medullary folds 
unite in the region of the future brain, formmg a canal, the 
neural caned The mesoblast on each side of the notochord 
beneath the medullary folds becomes cut up into a number of 
cubical plates , these aio called mcsohlastic aomifes^ from which 
the voluntary muscles of the trunk and vertebras are formed 
The embryo now grows rapidly, and the primitive streak grows 
backwards. Similarly changes have taken place in the aiea 
opaca durmg the first twenty-four hours The area opaca has 
spread out over the yolk and reaches the size of a sixpence, and 
that portion of it nearest the ai ea peUucfida can be told by its 
mottled appearance ; this will become the vascular area of the 
embryo. 

Changes during the second day, — During the second day the 
embryo presents very marked changes The head end becomes 
prominent. The medullary folds in the cephalic region are 
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quite closed. lu front the neural tube has become swollen, 
forming the first cevehal vesicle, and from each side of this 
vesicle, by the rapid proliferation of the epiblastio cells, two 
processes grow out — the 02 )tic vesicles A second and third 
veside then appear behind the first, and behind the third 
vesicle two pits, the aiiditoi'y pits, the future organs of hear- 
ing. During the first half of the second day the heart {Ht) 
appears in the head-fold, its ongin being connected with that 
cleavage of the mesoblast already referred to It is formed in the 
pleuro-peritoneal space shown in fig. 232, and situated just beneath 
the developing fore-gut (al). At first the heart is flask-shaped, 



with a swelling at its anterior end and another behind, the future 
auricles. The heart is formed entirely from mesoblast, on tho 
ventral side of the throat, by a curious process of hollowing out 
of the splanchnic mesoblast . some of the ongmal central cells 
become bipod - corpuscles Concomitant with the appearance 
of the heart is the vascular system, which consists of a number 
of tubes hollowed out in the mesoblast. Elood-oorpuscles are 
rapidly formed in masses in the vascular area, called hlood-islamls 
By degrees the heart becomes 8-shaped, the right-hand curve of 
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the S being venous and the left-hand curve artenal. The venous 
bend has two bulges, the future auricles, the ventricles appear- 
ing at the other bend. The first true circulation of the blood 
takes place during the close of the second day. The heart at 
this stage gives nse to two aortob ; these later unite into one 
trunk behind the head, and towards the tail this trunk gives 
nse to two mtelhna arteries^ which run to and are lost in the 
vascular area. Here two veins arise from the capillary net- 
work, the vitelline veins, which run back to the heart. In this 
stage we may find two, or even three, pairs of aortic arches. 
The whole embryo is raised up from the blastoderm, and the 
head end becomes bent. In the region of the middle somites 
there appears a small mass of cells seen in a transverse section , 
this 16 a ridge, the primitive excretory or Wolffian duct^ which 
becomes hollow, and connected with the embryonic excretory 
organs, the Wolffian bodies 

Gliangea during the third day , — One of the most noticeable 
thmgs in an egg on tlie third day of incubation is the dis- 
appearance of much of the white, which has been absorbed 
directly by the blood-vessels and indirectly by the dimimshmg 
yolk. The vascular area has much, increased, and not only now 
supplies the embryo with food from the yolk, but by virtue 
of its external position (lying against the shell) it takes part in 
the respiration of the embryo. The amnion forms a complete 
investmg membrane, and the whole embryo comes to he on its 
left side. The head region also becomes much bent under, 
forming the cramal flexure, the second brain vesicle now bemg 
m front, the first bent below. On examinmg a section through 
the bram region we shall see that there appears a process on each 
side of the summit of the brain : these lateral processes are the 
ongm of the cramal nerves (fig. 232, O)* They are formed 
as paired outgrowths, which afterwards shift their attachment 
to the floor of the bram Similarly the spmal nerves now arise 
and become divided mto three parts — a root, a ganglion, and 
the distal nerve. At this period the eyes are formed by the 
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optic vesicles becoming folded in, in front, producing a cup- 
shaped depression, and the optic stalk becomes small and con- 
verted into the optic nerve. From this cupnahaped vesicle the 
varions parts of the eye arise The epiblast over the vesicles 
becomes thickened and folded into them , the mouth of the 
vesicle 18 closed, and the whole part pushed in breaks off 
and forms the lens. The mesoblast round the optic vesicles 
gives nse to the choroid and sclerotic, whilst in front the meso- 
hlast grows over the lens and forms the cornea, the epiblast 
over it simply forming the epithelial covering The organs of 
hearing and smeU also anse as epiblastic mvagmations, the 
former showing on the second day, the latter only on the third. 

In the neck region appear those cunous structures found m 
all vertebrates, the visc&'al clefts. The visceral clefts are fissures 
that pass through the walls of the throat to the pharynx. 
There are four on each side, and they are formed by a pushing 
out of the mtemal hypoblast and a pushing in of the external 
epiblast until a perforation is made On the antenor border of 
each cleft is a thick fold, the mscmdl fold (fig. 233, F \ io F 3), 
the fourth cleft having two folda These visceral clefts are rem- 
nants of pre-oxiatmg gill-alits. The first pair of folds only remam 
m a modified form, taking part m the formation of the mouth 
and mandiblea They each send off a branch dunng the thud 
day to the anterior edge ; these two branches nearly meet, but 
are separated by a median process. Between the mam folds a 
space appears , this becomes the mouth (M), The second and 
third arches partly remain as the hyoid bones, the last two 
becoming quite obliterated. The first visceral cleft persists, 
being connected with the auditory organ, becommg the Eus- 
tachian tube and tympanic cavity. 

The three parts of the alimentary canal on the third day unite. 
From the oesophagua the lungs anse as bud-like outgrowths 
Liver and pancreas also make their appearance by a similar 
process, both the latter ansmg between the fifty-fifth and 
sixtieth hours of incubation — the liver as two diverticula from 
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the duodemim, aaid the pancreas as one solid outgrowth slightly 
behind the liver, Troin the somites now arise the muscle- 
plates, and the Woliiian bodies or primitive kidneys become 
fully developed 

Changes duHng the fouHh day — A still further diminutioii of 
white IS seen; the embryo, which has very much grown, lies 
close to the shell-membrane. More than half the yolk is now 
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Fig 288 —Head off Embbto Chiok off the Fototh Day 


CEj Cerebral hemiflpliQroa , FiJ, veslole of the tlilrd ventriolo , OP, eyeball , naso- 
h'ontal piocoss , cavity of luoutli , saperlor maxillary process of P 1, ‘^e Crst 
vlaceml fold , F 2 and 8, second and third yiBceral folds , JT, nasal pits , ^ neck be- 
tween third and fourth yiaceral folds cut across , oZ, alimentary canal , T^^jngulor 
veins , AOf dorsal aorta , nc, neural canal , notochord. (After Foster and Balfbnr ) 


invested by the germmal membrane, and the blood-area is about 
an inch in diameter. The ammon obscures the view of the 
chick, which lies beneath it. Both cranial flexure and tail-fold 
have much increased, and thus the embryo appears spirally coiled. 
On each side of the chick is now seen a long ridge — the Wolffian 
ridge , on this there appear two anterior and two postenor bud- 
like outgrowths, the lirkhs. The antenor buds or wings arise near 
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the heart, the legs near the tail The eyeballs (fig 233, OP) 
project to a large extent, and the primitive skull begins to form 
in the mesoblast surrounding the brain. The true vertebrie 
arise from the old somites by a fresh segmentation, which does 
not follow that of the old segmentation of the muscle-plates. 
Each vertebra is formed of parts of two somites. The vertebral 
column now becomes supported by cartilage, and the notochord 
vacuolated and eventually squeezed out by subsequent ossifica- 
tion. Between the eightieth and hundredth hours the permanent 
kidneys appear. The tube of the kidney appears first as a 
diverticulum from the Wolffian duct The kidney arises from 
a mass of mesoblastic cells closely applied to the Wolffian body, 
but this mass soon breaks off from the former From the 
ureters there eventually grow out a number of tubules which 
become contmuous with the cells of the metanephros and become 
the true kidney tubules. The kidneys are complete by the 
seventh day. Lastly, durmg the fourth day the generative 
organs develop; but at this time it is impossible to tell the sex, 
for the first-formed cells, the primitive cells, are the same m both 
male and female. The duct of the ovary, of which only one, 
the Tight, as a rule, remains, is formed from the Mullerian duct, 
that of the testes from the Wolffian ducts. The allantois now 
receives two branches from the dorsal aorta, these umbilical 
arteries become very important towards the close of this day 
The first aortic arch, which runs in the first visceral fold, 
degenerates, and a new one appears as the fourth arch. The 
second pair also nearly disappear, and then a fifth pair come as 
the fifth arch We thus still get three pairs of aortic arches, 
but placed farther back. Part of each remains to form the in- 
ternal and external carotids. The hepatic circulation also be- 
comes complete, and the mesenteric veins of the alimentary 
canal appear, and the septum of the ventricles now shuts off the 
right and left half of that chamber 

Changes during the fifth day — The whole yolk is now 
enclosed in the blastoderm and about two-thirds covered by the 



OHANGBS DUEING SIXTH AND SEVENTH DATS 465 


vascular area. The allantois forms a laj^e vascular patch on 
the right side, and the embryo is so curved that head and 
tail nearly meet The limbs have greatly increased and become 
bent to form the elbow and knee, and the parts to become bone 
are invaded by cartilage. Cartilaginous bars also arise m the body 
walls, the riba some of the ventral parts of the ribs unite and 
form a cartilaginous sternum. The bones of the skull also 
arise, and cartilaginous rods in the visceral arches The face 
undergoes great alterations, mcludmg the closing in of the nasal 
passages by nasal processes Great changes also appear in the 
heart the ventricles become pointed, and the auricular septum 
begins to show, the cavity of the auricles separating frOin the 
ventricles The ventricles do not completely divide until after 
the thirteenth day of incubation It is not until this day that 
the cells of the chick become properly differentiated, and from 
now they rapidly vary m each part, forming the various definite 
tissues that build up the body. 

Changes during the sujctlh and seventh days . — On these days 
the embryo becomes distinctly marked with avian features. 
On opening the egg we shall note that the body is not so flexed, 
and also that the neck of the bird is more prominent. Still wo 
may observe the heart hanging out of the body , but it com- 
mences to become enclosed by the thoracic walls, supported by 
the developmg cartilaginous ribs. The cerebral hemispheres 
are quite large. By the seventh day we can see no traces of 
the visceral clefts, and the mouth and face assume avian char- 
acters. The amniotic cavity is quite large on the sixth day, 
being filled with liquor amnii, and gradually mcreases ; and on 
the seventh day this amnion moves in a rhythmical manner . 
by this pulsating movement the embryo is rocked to and fro m 
the egg 

Fi'oin the eighth day onwards — ^During the eighth, ninth, and 
tenth days of mcubation rapid growth tal^es placa The allan- 
tois IS spread out as a sac over most of the yolk and serves os 
the chief orgfin of respiration, and the yolk-sac rapidly decreases 
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in size About the eleventh day one can tell to what group the 
embryo belongs, generic characters being often plainly marked. 
Feathers begin to appear as papillae on the nmth day along tlie 
back and rump. These feathers remain m sacs until the nme- 
teenth and twentieth days, but their colour shines through the 
sac. A chalky knob appears on the nose on the nmth day, 
and by the twelfth this has become converted into a soft beak 
The cartilagmoiis skeleton is fully formed by the thirteenth 
day, so are moat of the important muscles ; and on the twelfth 
day many areas of ossification may he seen in the limbs, ribs, 
head, cfec. 

The loops of the intestines become confined in the abdomen on 
the eleventh day The body still is connected by the narrow 
somatic umbilicus, the allantoic stalk, and suspensory cord of 
the yolk-sac with the accessory appendages The whole embryo 
IS now surrounded by the allantois, which is closely applied to 
the serous membrane against the shell About the sixteenth day 
all the white has gone, and the mesoblast is cleaved right round 
the yolk. On the nmeteenth day the yolk-sac is withdrawn 
through the somatic stalk mto the abdommal cavity Tlie 
embryo is now surrounded by the vascular allantois, the serous 
membrane, and the amnion The amnion is continuous at the 
umbilicus with the walls of the embryo, whilst the serous mem- 
brane is entirely separated from it The allantois is continuous 
with the cloaca, by means of its stalk passing through the 
umbihcus. 

On the fourteenth day the chick lies with its beak touching 
the serous membrane and shell membrane, where they form 
the inner wall of the air-chamber On the twentieth day tlie 
chick pushes its beak mto this chamber and breathes air. At 
this tune the pulmonary circulation comes into play, and the flow 
up the umbilical vessel ceases The allantois shrivels up, the 
umbihcus closes completely, and the chick pecks its way out of 
the shell, leaving behind the allantois, ammon, and serous 
membrane. 
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This inciTbation normally lasts twenty-one days, but it is not 
at all unusual for it to be prolonged to twenty-five days The 
writer has had fowls hatch off even at thuiiy days, when the 
eggs given the hen had been laid some time previously This 
18 especially noticeable m Indian game It seems that the 
longer the egg has been laid the longer the penod of incu- 
bation, within certam limits, 
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MAMMALIA. 

Thb Mammals are all warm-blooded animals, have their skin 
more or less covered with hair at some period of their life, 
and produce their young ahve (except Monotremes) The 
young are always nourished for some time after birth by a 
specially prepared flmd — milk — which is secreted by the milJc- 
glands or mammea. These glands vary in number in different 
mammals, and are situated on the thorax or abdomen, or on 
both regions at the same time. The embryo mammal is always 
enveloped in an arrmion and allantois (fig 235, am, oZ) The 
latter may disappear, or it may remain, partly forming the 
placenta, a vascular structure that connects the foetus with the 
parent. Contrary to what we saw in birds, the skull of a 
mammal (vide Anatomy of the Horse) articulates with, the 
vertebral column by two condyles, attached to the occipital 
bone. Other features in the mammahan skeleton by which wo 
can isolate them from the Sauropsida are, first, that the lower 
Jaw articulates with the skull by the squamosal bone direct, 
and is never united to the quadrate bona Secondly, the lower 
jaw consists of two halves or rami, and each ramus of a amglo 
bone only, not several as in Birds and Eoptiles. A complete 
separation exists between the thoracic cavity and the abdomen, 
the dividmg membrane or diaphragm being in the form of a 
thm musculo-tendinous partition. The heart consists of four 
chambers, the nght and left sides being separata The red 
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blood-corpnsclea are non-nucleated ; one aorta alone exists — 
namely, the left — which turns over the left bronchus, not the 
right as m the bird Lastly, the Mammalia never have those 
curious respiratory prolongations, the air-sacs, so characteristic 
of the Class Aves Although there are marked differences 
between the sauropsids and mammals, yet we have intermediate 
and connecting links in the peculiar Monotremes of Australasia. 

We need not refer further to the anatomical features of the 
Mammalia the reader is referred to the chapter on the Anatomy 
of the Horse for fuller details, whilst the peculiarities of each 
group will be pointed out as we proceed. 


Devblopmhnt op a Mammal and the Fcetal Membranes. 

Mammals, unlike birds, possess two ovaries, as described in 
chapter xii In the early stages there is much resemblance 
between the ova of a bird and a mammal There are many 
very important differences, however, later. The Bird's egg is 
large and full of yolk, the Mammal's is small, and has a scanty 
supply of yolk. The embryo bird can live and grow on the 
food stored in the egg, but the foetal mammal has to depend on 
maternal food derived from the parent's blood by means of the 
structure called the placenta, and later from the -milk There 
are two penods of mammahan development (i) uterine de- 
velopment, (u) post- uterine development. The first is the 
more important Mammals produce viviparously, birds ovip- 
arously The primitive ova are budded off from the 'epitlie- 
hum covering the ovary. In the sohd part of the gland — the 
stroma — are vesicles of all sizes, the Graafian foUicles. Each 
follicle has a wall of its own, and contains one ovum (rarely 
two). The epithelium of the follicle forms two layers, an 
external one, the mefiribrana gi'anulosa, and another mass pro- 
jectmg into the vesicle and surrounding the ovum — the 
disciis ;prolig&nL8; the cavity of the Graafian foUicle is full of 
liquid. As these foUicles become npe they project from the 
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ovary, burst, and release the contained ovum and a quantity 
of the liquid which surrounds it. 

The ovum is a spheroidal cell about 
in diameter, and is surrounded by two membranes — the outer, 
the zona ? adiata, and nn inner thin membrane. ’Within this 
thin membrane, shown to exist by E. v Bene den, is the mtellus 
or yolk, filled with fatty and albuminous granules In thj^ 
vitellus IS the germmal vesicle (nucleus), with one or two 
nucleoli. The ova burst from the ovary, when the latter is 
clasped by the funnel-shaped end of the oviduct. They then 
pass down the tube, being fertilised m its upper extremity by 
the entering of a smgle spermatozoon, and soon commence 
to undergo the process of segmentation Segmentation is 
complete, the whole ovum being affected This is spoken of 
as complete or holoUastic eegmentation The bird’s egg only 
undergoes partial or TneroUaatie segmentation, owing to the 
quantity of yolk m the ovum. Segmentation lasts seventy- 
two hours m the rabbit, accordmg to Balfour — this stage 
varying m different animals to a considerable extent. When 
complete the ovum consists of an outer layer of cubical cells 
surroundmg an mner layer of granular polygonal cells, except 
at one spot where the inner granular cells are exposed, the so- 
called blastopore (fig. 234, Bl) When segmented the ovum 
passes into the uterus and becomes attached to it. Here the 
blastopore closes up The vesicle then produced is formed 
by a cleavage between the outer and inner layers, which 
gradually increases until the inner granular mass is only to be 
seen at the point of the now closed blastopore {Hy 2), Durmg 
tins change the ovum enlarges rapidly, so that there is fomed 
an extensive cavity in it, the inner granular mass now only 
forming a small patch against the outer layer at one spot 
This cavity is the blastodermic vesicle {Bl v) Surrounding it 
is the zom radiaia and an albuminous layer {Alb As 

the vesicle grows the inner mass of cells spreads out and forms 
an irregular layer beneath, except at its origmal position, m 
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which it remajns thick This thick mass of granular cells we 
call the embryonic or germinal area. During the following 
few days changes take place in the inner layer. About five 
clays after impregnation the cells of the embryonic area divide 
into two layers, the lower composed of flattened cells, and forms 
the hypoblast* During the subsequent day a middle layer 
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1, Optical section of a rabbit's ovum at a stage closely following soginontation 
blofltopore , Ify, inner layer , outer layer. 2, Babbit's ovum botweon 70-90 hours 
after impregnation Bl r, cavity of blastodermic vealclo (yolk boo) , TSp^ outer layer , 
Hy^ inner layer , Alb E, albuminous envelopo. (After F van Bcncuen ) 

arises and fuses with the epiblast to produce the true epiblastio 
layer These two layers form a circular embryonic patch on 
the ovum, which on the seventh day becomes ovaL There ap- 
pears at the lower part of this spot a primitive streak as in 
the fowl The area then becomes pynform, and the primitive 
streak is marked by a groove. The epibkstic cells which form 
the streak also give rise to part of the mesoblast. 

Very similarly to what we saw in the development of the 
chick the meduUary groove arises m front of the primitive 
streak The medullary plate between the two medullary folds 
is composed of one row of epiblastic cells, only, at first. The 
mesoblast anses from a double origin — (1) from the epiblast 
and (2) from the hypoblast. The notochord arises as a 
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thickened axial portion of hypohlaat. The area in which 
these three layers arise is the embryonic area, and here alone 
the foetus is formed. The other part of the egg forma the 
umbilical veside (fig 236, UV), which folds off from the embryo 
and may he likened to the yolk-sac of the fowTs egg. But in'’ 
this sac we do not find yolk hut a fliud that readily coagu- 
lates, The umhilical vesicle becomes surrounded by hypoblast, 
just as the yolk-sac of the bird became encircled by it. 

About eight days after impregnation there may he seen a 
sphttmg of the lateral mesoblast into a vertebral and peripheral 
zone, and in the former two somites appear At the ninth day 
a clear nng is seen around the embryo, and outside this an area 
vascvlosa. The medullary plate swells into a cephalic enlarge- 
ment. On each side of the head is to be seen a long tube. 
These two tubes are the commencement of port of the heart. 
Later the trunk of the embryo grows faster than the head, 
and the head becomes folded off, and a httle later the tail- 
fold appears. The medullary groove remams open for some 
time, and forms the fore-bram, mid-brain, hmd-hrain, and optic 
vesicles by a senes of enlargements. At the close of the ninth 
day the medullary groove becomes closed and the head is quite 
free, the two halves of the heart coming together and form- 
ing a median single tube The somites also increase to about 
twelve Durmg these changes the amnion (fig, 236, am) has 
nearly encircled the foetus, and the allantois (aZ^ has commenced 
to grow os in birds Later development consists of the well- 
marked cranial fiexure and the presence of three visceral arches.* 
The first forms the posterior border of the mouth, and sends 
forward a process on each side which forms the anterior margm 
of the mouth Although there are only three arches, there 
are nevertheless four visceral clefts. The whole embryo be- 
comes very much bent, the hmbs appearing as buds m the 
same way as m the chick 

The festal mefmjbraues in m amm als differ much from those of 
birds, except m the early stages Mammalian foeti are closely 
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attached to the parent hy means of a membrane called the 
placenta^ which more or less closely mutes the fcBtus to the 
walls of the uterus in which it develops (fig. 237) The 
placenta is formed by the allantois, the walls of the uterus, 
and the false amnion. The embryo mammal becomes folded 
off in a sac, the embryomc sac, just as does the chick, from the 
yolk-s^c, called in the Mammalia the uinbilicaZ veeide {UV) 
The amnion grows up on each side and umtes above the 
embryo. The inner 
fold or true amnion 
then separates from 
the outer or false 
ammon. Prior to the 
separation of the two 
limbs of the amnion, 
the epiblast of the 
umbilical vesicle and 
the false amnion form 
a lining to the zona 
radiata. This mem- 
brane IS the 80 -caUed 
sub - zonal membrane 
H and it fuses with 
the radmia {x). 

The ovum is attached 
to the uterine wall by 

viUi or processes which stick mto folds of the epithelium of the 
uterus (fig 236) So close is this connection that it is impos- 
sible to remove the embryo without tearing the uterine walls. 
The allantois a httle later grows out of the hmd-gut as a 
vesicle and forms a flat sac, which projects into the space be- 
tween the amnion and the sub-zonal membrane. This allantois 
and the sub-zonal membrane fuse and form the chcnion (fig. 
236, ch\ which more or less surrounds the ovum Where the 
chonon does not surround the ovum, and whfere the yolk-sac 





Fzo 2fi6 Diaorau of Fgbtal Mbbibbanus 
OF A MammaTj (After Torner ) 

ffl, Zona with villi , sz, eub-zonal membrono , E, epi- 
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membrane unite, a false chorion is formed Thus 
lenta is formed is the true chorion, the other port 
on. 

iter surface of this chorion, which is highly vascu- 
out which fit into the crypts or pits in the uterus 
nlli may become much branched Not only ore 
j vascular, but the uterme pits are likewise Here 



— Vertioal Section of injected Placenta of a Mare 
iterine crypts; g, uterine glands , F, blood-vessels, E, opilhellmu 


ice that interchange of blood by diffusion between 
foetus. 

r umbilical sac becomes smaller (fig 237 , uv), 
phy before the close of uterme existence The 
gives rise to two structures, the unnary bladder 
3 urachm, which connects the bladder with the 
tifese membranes are shed at birth, and sometimes 
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with them tlie uterine mucous membrane comes away with t]ie 
placenta. We thus get two forma of j^lacenta, the non-decidv/iU 
and the deciduate. The non-deciduate placenta comes away 
from the uterine mucous membrane separately, whilst in the 
deciduate form both are so closely interlocked that they come 
away as the “ afterbirth ” together. 

Varieties of Plcu^entm 

We can distmguish five kinds of placentae — viz., the dis- 
coidal, the meta-discoidol, the zonary, the cotyledonary, and 
the diffuse placenta. The discoidal is found in the Eodents, 
Bats, and Insectivora; the meta-discoidal in Man and Apes, 
the zonary in Carnivora, Elephants, and the Hyrax \ the cotyle- 
donary m the Eummants j the diffuse in the Horse, Pig, &c. 

1. The discoided placenta, — The amnion is small and sur- 
rounds the embryo The yolk-sac is attached to the embryo by 
a very long stalk, and is closely applied to the greater part 
of the sub-zonal membrane, forming the fdhe clionon. The 
allantois forms a moderate-sized sac, which below is applied to 
the sub-zonal membrane, and there forms the ti'm chorion or 
•placenta, From this placental area pass vascular villi into 
the uterine pits. This diseoidal placenta is deciduate. A great 
apace exists between the embryo and the false chonon, whicli 
is filled with fluid. 

2 The meta-discoidal placmta (fig. 237) — Here a complete, 
chorion is formed, the allantois entirely surrounding the inner 
wall of the sub-zonal membrane. The embryo is encircled by 
the amnion, which swells out almost to the placenta, only bemg 
separate from it by a gelatinous layer The yolk-sac is 
very small As the blastodermic vesicle grows it becomes 
related to three parts of the iiterua. These three porta are 
thrown out at birth and are called deoidua. One part of the 
uterus IS reflected over the vesicle = the decidua reflexa {/) , 
that port of the uterus around which the reflexa is attached is 

2 G 
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known as the deddua. m'otina (&), and that part of the uterine 
wall not related directly to the vesicle, the decidua vera (c) 

The ohonon is directly attached to the decidua rejlexa and 
mvtina. The vascular connection between the roflexa and the 
chorion atrophies, whilst that between the aerotma and the 



Fio. S87 — UuoBjL&ofATic SscmoK or FsxaNANT Human Utbuuh with 

OONTAINHD PCETUB 

(Z, AIlAnkita etalk , uv. umbilical voslolo , mrit amnion . dh, chorion , i, docldun aero 
tina , 0, decldtia vera , j, deoidna reflexa * ITailopian imbe , g. cervix uteii , a, festal 
vllll of placenta , e, ombiro (Prom Huxley, after Longot.) 

chonon inereaseB, the vilh becoming much branched and form- 
ing the chorion frondomm. This latter structure and the decidua 
rn'Otma form the true placenta. This placenta is discoidal, but 
it 13 ventral, whereas the placenta of the rabbit is dorsal At 
birth the placenta and the fused decfidua vera and rejlexa aro 
all shed, and the raptured blood-vessels of the uterine wall 
closed by its rapid contraction. 

3. The zonary ;placenta — Here the placenta is in the form of 
a broad band. The yolk-sac never fuses with the chorion At 
first the allantois fuses with the suh-zonal membrane, at one 



PI^OENT^gS. 


467 


part only forming a discoidal patch; hut tins gi'ovvs out all 
round, and mvades the whole of the sub -zonal membrane 
except at the poles There is thus formed a broad placental 
band, where the vilh closely unite with the uterine pits 
specially formed 

4. Ootyledonary placmta (fig 238) — This is characterised by 
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Fig 289 — Diagbam of Pabto of Fcetal Hobse, towanls middle of gestat.or. 

P, P, Placenta, CK, CTi, cliorion, AF, external la\er of allantois, At, internal lajer of allanto's, o, nraehas, nmnlon, P, cavity of 
amnion , To, lemains of umbilical vesicle , T, vessels of umbilical cord , F, fatos , C, cavity of allantoid. (Cliau^ can ) 
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has villi studded over it except at tlie poles, where small areas 
are devoid of them. 

All mammals except the Monotremes and Marsupials have a 
placenta m one of these five forms. 

The length of gestaUon in farm animals has been divided by 
Gurlt into seven periods. The last period and the dimensions 
of the embryo are given m the table below . — 


Sfboiss 

SbVENTH (IiAST) Pbriod 

Dimensions of Pcetos 
( at birth) 

Mare 

Cow 

Sheep 

Sow 

Bitoh 

From 36th to 48th week 

M 83rd to 40th n 

ti 19th to 2l6t ft 

16th to 17th It 

9th week 

About 4Bi mches 

II 32^ ti 

IT lO-J- 11 

From 9 J to 10# mchea 

II 6^ to II 


The weight of the foetus of the mare at birth vanes according 
to breed The lowest, in the Corsican mare, is 35 lb , in a 
Suffolk-Boulonnaise mare, Chauveau mentions 136 lb. The 
weight of a calf at birth is about 2*31 parts of the cow, a 
lamb 10 to 11 lb, a pig 5 lb, and a chick IJ ounca 
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M A M M A L I A-^Continued, 

CLASSIFICATION OF MAMMALS. 

BRITISH MAMMALS (DOMESTIC AND WILD) 

Mammalia arc divided into tkcee sub-classes — namely, the 
Omithodeljpliia^ the Didelphia^ and the Monoddphia '^ — which 
are oharactensed by the following features : — 

A The Ornithodelphla have the two uterme enlargements 
of the oviducts separate, forming two uteri, each of which opens 
direct into a cloacal chamber like a bird, and not into a single 
vagina This cloaca also receives the rectum and ureters 
Chonon absent Here are placed the MoQioi/refinata, to which 
belong the Echidna and Duck-Bill [Oniithorhynelvits). 

B The Didelphia, characterised by the uterine enlargements 

1 Huxley, m the ‘Proceedings’ of the ZooL Soc for 1880, p 649, pro- 
posed the following names for these three groups (1) Protothcriaj (2) 
Meiafk&i'ia, (3) Euth&ntu Dr Gadow, in his classification of the Verte- 
hrats, follows Huxley’s three divisions, and groups the Mammals in the 
following oi-der : — 

Sub-olaas 1 Prototheria (Monotremata, &c ) 

Sub class 2. Metathena (Marsupials). 

Sub class 3 Euthena. 

Order 1, Edentata. Order 2, Trogontia (including the Roden tia) 
Order 3, Cetacea. Order 4, Sirenia Order 5, Ungulata (including 
Hyracoidea and Proboseidea). Order 6, Carnivora Order 7, Insectivora. 
Order 8, Chiroptera. Order 9, Primates 
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of the oviducts opening into two separate vagmro, which have 
distinct apertures in the urogenital canal, the rectum being 
separated. Chorion absent. Coracoids reduced, not reaching 
the sternum Males without cloaca. To this group belong the 
MarmpiaMa or Pouch-Bearers. 

C. The Monodelphia, which have the two uterine enlarge- 
ments of the oviducts united to form one utenne cavity, with 
its two cornua, and by the single vagina, which is completely 
separate from the rectum Chonon and placenta present 
Coracoids reduced to a process only This division contains all 
the remaming mammals, which include the foUowmg : — 

(i) Edentata or Sloths. 

(ii) Sirenia or Manatees 

(ill) Cetacea or Whales. 

(iv) Ungulata or Hoofed Animals. 

(v) Hyracoidea or Conies. 

(vi) Pvohoscidea or Elephants. 

(vii) Qamvuora or Beasts of Prey 
(vui) Rodenha or Eodents. 

(ix) Qhiroptera or Bats. 

(x) Insectivoo a or Moles, Shrews, &c. 

(xi) Quadrumana or Monkeys 

(xii) Bimana or Man 
Seven of these orders only are met with in the British Isles. 

The other five need httle consideration. 


j- = Ungulata. 


}= 


Primates 


A ORNITHODELPEIA 
= PROTOTEERIA 

MONOTREMATA 

These are the lowest animals, and approach the Sauropsida 
nearer than other Mammaha The two most noted forma are 
the Duck-Bill {OviiitJioi'liyticlius paia^oxu^ and' the porcupine- 
like Echidnas, These animals all have a regular cloaca , there 
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Mammalia. Ungnlatea have all four limbs touching the ground 
by the last toe-jomt only, and that jomt is enshrouded in a case 
or hoof of horn (except Hyi'aco^dea) The hoof is an expanded 
nail. In no ungulate do we find more than four toes to each 
limb. Clavicles are absent There are always two sets of teeth, 
milk-teeth and permanent teeth ; the molars have always broad 
crowns (fig 243), adapted for chewing and grinding vegetation, 
upon which all the Ungulata liva The TJngulata are divided 
into two sections : — 

1 Fenssodactyla — Toes always odd in number on hind feet, 

either one or three (fig 240, B), Stomach simple. 

Fibula articulates with astragalus. 

2 Artiodactyld , — Toes always even m number, being two or 

four to each foot (^). Stomach complex Fibula 

articulates with astragalus and calcaneum. 

Section 1. Perlssodactyla. 

This section mcludes the horses, tapirs, and rhinoceros, m 
which the stomach is simple, and a large csecum is present as 
seen in the horse. The hind-feet are odd-toed m all perisso- 
dactyla, and the fore-feet in many. The third toe always forms 
the functional axis The dorso-lumbar vertebrae are never less 
than twenty-two in number, and the femur has always a third 
trochanter. If horns are present, they never have bony cores 
as in oattle, 

"We need refer to one family only, the EQuroiB, Solid- 
UNGUiiA, or SoLiPBDS. The Equidae are the horses, asses, and 
zebras. The features of these can be taken from the descrip- 
tion of the horse already given All our domestic varieties are 
considered one species, Egum cdbcblilus At Solutid are immense 
bone-hedfl with horse remains- the descendants of these are 
probably the Ardennes horses, one of the long-headed races 
which seem very similar to the fossil ones of Solutrd From 
these also are descended the semi-wild horses in the delta of 
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the Ehone and m Alsace. The two great races of horses are 
the Onental and the Occidental. In the Oriental or Arabian 
we get the skull covering the bram strongly developed, and the 
facial part smaller ; the enamel of the molars of the upper jaws 
have few folds, and the limbs are fine. The Occidental Horse 
has a much larger development of the facial part of the skull , 
the skull IB long and narrow, the nms of the eye-cavities stand 
somewhat forward, and the enamel folds of the crescents of the 
upper molai’9 are comphcated The bones are also thicker and 
more massive, but less hard, than the Onental. These two 
mam races of Equus cdballuBi the Arab and the cart-horse, 
have undoubtedly descended from a common stock, yet now 
represent two quite distinct races. Wild horses were once 
abundant in Europe and Asia, as their remains in the Diluvium 
testify, and from these our Eguus caballus has descended. In 
America, although we have plenty of equine remains, the genus 
Equus never advanced m a wild state so near our present horse 
as did the diluvial horses of Europe and Asia. 

The Ass {E amius) was domesticated before the horse. 
Un li ke the horse, there are no warts or chestnuts on the hind- 
legs, and there is always a conspicuous line along the back, 
whilst the tail is long, with a tuft of long hair at the extremity. 
The ass IS a native of North Africa, and probably descended 
from either the Onager {E onag&r) or Kiang {E, lieniionus). It is 
also said by some to bo descended from E tamiopus of S.-E. Asia. 

Fossil horses exist m the Eocene rocks of America, known 
as Eohippos, m which the fore-feet have four toes and the 
remnant of a fifth, and the hmd-feet three The Eohippos was 
about the size of a dog. A division higher in the Eocene, 
another genus, Orohi^os^ makes its appearance In the Miocene 
rocks we get another form, the Miohippos, which has three toes 
on each foot, all touching the ground In the Phocene of 
Europe we find a fossil horse called Hvp^panon m which three 
toes exist on each foot, but the middle one alone touches the 
ground Towards the end of the Pliocene period we get the 
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Protohippos in America, -whoso foot resembles that of Hij 
parion— the existing genus Eqiius not appearing until Poal 
Pliocene times. 



Fig 241 — Skbleton op Foot in VAWOua pormb op Bqgida.. 


A, OroM-apoa (Eooeiie) , b, AndkWierUm (Uppor Boctrao and Lowoi and Uppnr Mlo 
ceao), G, Hipparism (Upper Miocene and Flloceno), d, (Pliocene and Recent) 

(NIcliolson, after Marsh ) 

There seem to be two distinct lines of descent, one m America 
and one in Europe. In America the stages are EohippoSj 
Orohippoa, Mesohippos, Miohippos, Protohippos, Pliohippoa, 
and Eqiius. In Europe, Hyracothorium, PalEBothenum, Anchi- 
thenum, Hippoiion, and Equus.^ 

^ The living and extinct horses are tabulated as follows by Dr Gadow — 

Equida Lower molars quadiituboinulate, or with two transverse 
ridges curved into two half-moons. Toes, or ^ Since Eocene 
Hyracothenum ) . ( Lower Eocene, England 

Eohippos ) ’ } Lower Eocene, Wyoming 

PalflBotheiium "I f Eocene to Miocene, Europe and XJ S.A 

Mesohippos J-Toes, -J.-j Lower Miocene, Dakota 
Auchitherium J I Upper Miocene of Europe = Miohippos, USA. 

Hippanon , Toes, ^ Upper Miocene of Europe, Asia, and U S.A. 
Protohippos . Toes, -J. Pliocene, U S A. 

Pliohippoa . Toes, i Phocene, USA 

Hippidion , Toes, i Pleistocene, S America 

Equus . . Toes, i Since Miocene m India , omce Pliocene in 

Europe During Pleistocene cosmopolitan, 
excluding Australian region 
(‘ ClasBifioation of Vertebrata,* p 47 ) 
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In Amenca tlie horse died out, but the hue continued in Europe 
and Asia to the present day. 

Thus we have every gradation from a four-toed horse to the 
existing one-toed animal 

The Age of the Horse told hy its Teeth , — The teeth of the 
horse vary with age, so that we can tell approximately their 
age hy an examination of the mouth The incisors of the 
upper jaw appear sooner than those 

of the lower jaw The front milk- iffir— ^ 

incisors come through the gum 

about a week after birth, the middle ^ 1 

milk - incisors at the age of five 

weeks At nine months the comer M 

milk-mcisors are apparent. The ^ 

permanent incisors appear as fob 

lows . the front when the horse is 

two and a half, the middle when 

three and a half, the comer ones 0* ^ 

when four and a haK years old 

The milk-incisors are distmguished pio 242 .— ^sonoN of HoRsn'fi 


by being shorter and whiter and 


Fio 242.— SEonoN of HonsB'fl 
iNcnflon Tooth (Clmuvenu.) 

I, Dentine , b, enamel , 0, cement. 
The dentine envelopes tlio pnlp- 


.V 1 J.1 _ j.1_ ewMwuui , u, COniBnii. 

■with a nanower neck than the per- ^ho dentine envelopes tHe pnip- 
manent ones, they also become i?fo?S“tte tewe' tiS 

gradually shorter, which is not the ®%to’S“wSTdi™TpM“ 
case with the permanent incisors. *'T]iJ‘"c‘Snent iC'ov“\hS 

• The number of back teeth at J^iSSlanme botom 
birth, or soon after, is twelve, 

three on each side of each jaw ; these ore in the position of the 
three first molars. The permanent molars appear as follows : 
the 1st and 2nd at about two and a half years ; the 3rd at three 
and a half years ; the 4th at from ten to twelve months \ 
the 6th at two years, and the 6th at four years. The true 
molars — that is, the fourth, fifth, and sixth double teeth — 
have no milk-teeth in their place 
The date of appearance of the canines — ^the tushes — in the 
male is variable. 
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The normal number of teeth in a horse with a so-called “ full 

3 3 2 2 3 3 3 3 

mouth” IS forty — namely, ^^3^ 


— the canmos bemg absent m the mara 

Wolf ‘teeth are single -fanged teeth, sometimes present in 
front of the back teeth, m the upper jaw generally. Both 



Fio 848 — TBAlTBVHHfli: Sbo- 
Tioir OP HoRSB’a TTppbb 
MOLAB. (OliflTiveau ) 

A, Bxtomal cement, a, ex- 
ternal onomel, o, dentine, d. 
internal enamel, b, Intonml 
oruflta petrosa 

The strootnre of the molora 
resembles that of incisors, but 
la more complicated The In- 
ternal cavity is much dlver- 
tioulated and enveloped by 
dentine. The enamel is placed 
over It, and doubled in os in 
the Indsor There Is seen on 
tho woim table an extemal 
covering of enamel and two 
oirclos of central enamel sur- 
rounding the two areas of in- 
temfll cement. The cement 
flUs in tlio depressions on the 
lioce of the crown, dte , and is 
very abundant 


“ tushes ” aud wolf - teeth are per- 
manent, but the latter are often soon 
shed. 

The following may be taken as in- 
dications of the age from buiih to 
thirty years old . — 

1. At hn'tlu — The front milk-incisors 
can be plainly seen under the 
guma 

% At one month — The front inilk- 
incisona are through the gums, 
the upper and lower ones meet- 
ing, the middle ones just show. 

3. At five tTionthB. — The middle and 
lower incisors meet and the 
comer ones just show. 

4 A yearling — The comer incisors 

are through but do not yet 
meet. 

5 A two-'year-old. — Central enamul 

of middle incisors of both jaws 
now forms a complete ring 


6. At two and. a half years. — Front milk-teeth fall out m 


upper jaw and become replaced by permanent ones. 

7. A three-year-old, — The four permanent incisors ore nearly 
level (front incisors). 

8 At four years — Middle milk - incisors are out and per- 


manent ones come. Tushes begin to show. 

9 At five years, — Permanent mcisors all level. The central 
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enamel of the front and middle incisors show complete 
rings. Tushes quite out of gum. 

10. At SIX years. — Inner edge of comer mcisors worn flat, 
central enamel in complete ring Tables of front 
incisors oval. The cement of the front incisors has 
nearly gona 

11 At seven years — ^The posterior edge of the lower corner 

incisor IS well m advance of that of upper jaw, giving 
the upper incisor a hook-hke projection 

12 At eight years. — Lower mcisors with oblique direction 

A yeUow transverse Ime — the dental star — is well 
marked m the front incisors 

13. At ten years — Tables of front and middle lower mcisors 

become rounded and the central enamel triangular 
The front mcisors also have become longer and nar- 
rower, and more or leas triangular m shape This 
becomes more and more advanced with age. 

14. At thirteen years. — Central enamel has nearly gone from 

lower incisors 

15. At twenty -one years . — The middle and comer incisors 

converge inwards 

16 At thirty yeais — The mcisors are in nearly a straight 
hne, and the tables are broadest from the front to 
the back. 


Section 2 Axtiodactyla 

Toes even in number, either two or four The functional 
axis passes between the third and fourth toes. Dorso-lumbar 
vertebree nmeteeii, and there is no third trochanter to the 
femur The horns when present are always supported on 
bony cores or projections from the frontal bones of the skull 
(fig 247, 3). The stomach is (with the exception of one group) 
more or less complex, there bemg several divisions, some of 
which are probably dilatations of the oesophagus , the ceecum is 
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very small and simple in fonn The families for our considera- 
tion are the Suidm or Pigs, and the Eummant families Qam- 
comia or Sovid(B (Oxen), Ovidcu (Sheep and Goats), and the 
Cei'vidcB (Deer). 

I70N-RTXM1NANTS {=^BUNODONTA). 

The noii-niminatmg Artiodnctyla arc often called Pachy- 
dermata on account of the thick bristly skin, and Jiavo four 
toes in the Hippopotamus touching the ground ; in the Pigs two 
are rudimentary. The molars are tuberculate 

The StJiD^ or Pigs have two functional toes, the other two 
not touching the ground — the so-called “ dew-clnws ” of tlio pig 
How and then the first digit is present, arisnig from the tra- 
pezium, but such cases are very rare Canine teeth are large in 
the males, forming the “ tusks ” of the boars. The teeth (fig. 
244) vary in number in each species of pig. In the domestic 
pig the dental formula is — 

. 3—3 1—1 3-3 4—4 ^ ^ 

* 3=3’ 3=35 ’”4=4 = ^‘^- 

The stomach of the pig is simple like that of the horse, but less 
curved on itself, the cardia has a small conical dilatation, like a 
cowl turned backwards. The capacity is from 1;J- to 2 gallons. 
The blunt snout is provided with a peculiar hone called tlio 
“seooping-hone.” The pig’s intestine resembles tlmt of the 
ox; it is 72 feet long. The mesentery that suspends the small 
intestine con tarns an elongated mass of lymphatic glands, the 
so-called mesentenc gland The cfficum is sacculated as 111 the 
horse, with three longitudinal muscle bands. The penis is 
twisted spirally when flaccid The testicles are round, and the 
scrotum narrow and but httle detached. At the prepuce is a 
special pouch which secretes an unctuous fluid, which even 
taints the flesh. The mamruGB are usually ten in number. In 
the bram theie are few cerebral convolutions. There are four- 
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teen pairs of ribs in the pig , the carpus consists of eight bones, 
the trapezium being fully developed ; there ore also seven bones 
in the tarsus 

Most of our domestic swine have probably descended from 
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Pia 244 — Tbktu op Piq 

1, Upper teetli, table surfbce , 2, lower teeth , 3, latoi'al view of Jaws (Obaavoau ) 

the Wild Boar (Sus scrofu). The wild boor at one time in 
habited this country, but bos long smeo been extinct It is 

2 H 
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black to rusty-brown in colour when adult, and where it appears 
on the Continent seems to revel in damp thickly vegetated ai’eas, 
hiding during the day and coming out at night to feed. The 
food consists of roots of various kinds, corn, potatoes, acorns 
and otlier nuts, and insects, worms, &c , in the soil, and even 
voles The wild boar when fully mature often attams the 
length of seven feet from the snout to the tip of the tail. The 
young are white marked with dark-brown. 

The habits of the domestic pigs are much the some as J3. 
scrofa especially to he pointed out is the great benefit to be 
derived from keeping them in orchards, \vhere they do inestim- 
able good m devourmg noxious insecta 


RUMWANTS {^SELMNODONTA) 

The Euminants have two toes on each foot, each toe having 
a sepaiate hoof there may also bo two supplementary hoofs 
at the back of the foot If one examines the skeleton of the 
ox, it will be observed that the two metacarpal and metatarsal 
bones have joined to form the “ cannon-bone ” The tubercles of 
the molars are transformed into longitudinally placed half-moons. 

The Ruminant Stomach , — The stomach (fig 246) is peculiarly 
constituted, consistmg of four divisions — namely, (1) the rumen 
or paunch , (2) the rdiciLlum or honeycomb stomach ; (3) the 
manyplies, psalterium, or omasum, and (4) the abomasum or 
rennet stomach. The paunch is where large quantities of 
portly masticated vegetable food is stored. This is brought 
back to the mouth, where it is mixed with saliva, chewed 
up by the grinding teeth, and reduced to a fiine pulp, the so- 
called “ chewing of the cud ” This food then passes down the 
guUet, and moves along a “gutter” called the “osaophageal 
groove” into the omasum The paunch equals nine -tenths 
of the entire abdomen and lies m the left flank, the other three 
divisions form mg a chain along the front of its left side In 
the rumen the food is moistened. The reticulum is mtemaJly 
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divided into a number of polygonad spaces on its walls; it is 
small in capacity, and acts especially as a reservoir for liquids. 
The omasum receives the “cud” This division has its walls 
thrown up into a number of deep folds longitudinally disposed, 
and placed so close together that they resemble the leaves of a 
book we can recognise three series of them of different sizes 
The food, after being crushed between the leaves, is passed 
through this into the fourth division, the abomasum or true 
digestive stomach Here the food is subjected to the action 



of the gastiic juice, and undergoes the chief digestion. It is 
called the rennet stomach because of a substance formed by the 
secretion of the peptic cells going by that name, the reimet used 
in cheesemakmg and m “junkets” being obtained from the 
salted stomachs of calves. One must look upon the first three 
chambers of the ruminant stomach as being dilatations of the 
oesophagus only. As much as sixty gallons of hquid can be 
stored m the stomach of an ox 1 The intestinal canal is very 
long. The small mteatme m the ox is twice the length of that 
of the horse, but is smaller m diameter ( = 49 yards). The 
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cfiBcnm has no bulges or longitudinal bands. The largo in- 
testine is longer than in the horse (33 to 39 feet), and holds 
from six to seven gallons 

Ruminant Dmiihon ^ — Another character of Euminants is the 
dentition. There are no incisor teeth in the upper jaw, their 
place being taken by a homy pad on the gums of that jaw 
against which the lower incisors cut^ neither are there any 
upper canines. Behind, there are six teeth, three promolors and 
three molars. The lower jaw has six incisors and two canines, 
which arc small; next follows a long edentulous space, and 
then three premolars and three molars on each side. The 
typical Rummant dental formula is as follows ; — 


, 0—0 

3 ^^ 


0—0 


3—3 

3 ^' 


m 


3—3 


32. 


Some deer (JJarvidos) and camels have canines above, and other 
slight differences. 

The ruminant’s lungs differ from the horse’s m that the left 
lobe IS divided into two and the right into fom'. Ox, sheep, 
and goat are characterised by the distmctness of the lobules. 


CERVIDiB (DbHR). 

The GermdcB or deer are noted for their “antlers,” which, 
except m the reindeer, are present in the moles only The 
antlers are branched horns, and are solid structures, not hollow 
as the horns of cattle. They are carried on bony cores on the 
frontal hne. The antlers are cost annually, and reproduced 
every year at or after the breeding or “ rutting ” season. At 
first the antlers are simple, cylindrical, unbranched structures 
covered with a hairy sensitive skin, the “velvet”; but later 
the vessels to this skin dry up, and the skin sphts, peels off, and 
is rubbed off by the deer against the trees and fences. The 
horns m the second year have a side branch (tyne); in the 
tlurd year there are three points, then known as the “ sorel ” ; 
the four-year-old, in some deer, has four points, the so-called 
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“staggard”, wHlst a five-year-old or “stag*’ has five or more 
tynes A strong-smelling waxy secretion is formed beneath 
each eye from a sebaceou^ gland 

Three species of Deer are found in Britain — namely, the 
lied-Deer {Qerum daiilim)y the Itoebuuk {Q, ca2)reolm\ and the 
Fallow-Deer {G. dama). 

The Red -Deer {G. dajdius) is undoubtedly a native of 
Britain, and is still found wild on Exmoor and the Quan- ' 
tocks m the south, and in Scotland The antlers are rough, 
and normally consist of two front branches, the “brow-” 
and the “bez-tyne,” a middle branch called the “tres,” and 
a “crown.” In colour the red- deer vanes from brown to 
reddish-brown, becoming brighter m summer, witli a creamy 
patch on the tail A stag weighs from 180 to 280 lb The 
calves are spotted with white in their first coat, which is cast 
m October and November They hroed in autumn, and par- 
turition takes place in May and June. Two calves may be 
produced The horns, which often reach a groat size m the 
“stag,” are shed in February or March. It is strange 
how few of these cast horns are found those that one does 

come across are usually single antlers Stags no doubt eat 

the antlers after being shed, and others may, as Mr Jeffreys 
thinks, be covered up by the stag with leav(3ft and brambles. 
Eed-doer are often very destructive, destroying agricultural pro- 
duce, not only by eating it, but fni* more by trampling it down. 
Farmers round Exmoor would sooner suffer this loss than destroy 
such sporting annuals. They also bark young trees and eat the 
tender shoots in forests to an injurious extent Around Exmoor 
one often sees fields of wheat spoilt by them, potatoes taken from 
the ground, and cabbages quite stripped The stag only eats the 
top of the turnips and throws the root over liia shoulder, whilst 
the hmda eat the turnips down to the ground. The excoUent 
sport they afford quite makes up for the local harm they 
may do. 

The Roebuck (0. capreolm)^ once very abundant in England, 
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ia now chiefly confined to the wilder regions of Scotland It is 
found m Cumberland, Dorsetshire, and Essex, and may he seen in 
a few parks. It has a long winter coat of a dull brown colour . 
Ill summer the coat is reddish-brown, with a white patch on 
the rump The legs are long and slender and the antlers small, 
— never any *‘hrow-tynes,” and as a rule only three tefminal 
branches present They are shed in December and January, 
An adult roe weighs about 45 lb. The fawns are spotted with 
white, and are bom in Apnl and hlay As a rule, each roe 
gives birth to twins. The roebuck breed about August ^ They 
pass the day m open spaces in the woods, coming into the fields to 
feed, especially upon standing com and clover. Much damage 
may be done, where they are abundant, if they get into corn- 
fields. Grass and shoots of oak and spruce form the chief food. 

The Fcdlow-Beer {Gervus dairw) is not a native of England 
It stands about three feet high. The antlers are dilated towards 
their extremities. They live in herds. 


CaVIOORNIA (OviDiE AVD EoVIDiE). 

The other Euminanta interestmg to us are the Gavicomiay 
which include the Sheep, Oxen, and Goats. In the Cavicornia 
there are never any incisors or canines on the upper jaw, the 
hardened gum takmg their place. The dental formula is as 
follows : — 


0—0 0—0 


3—3 


• 3—3 


3—3 ’ 1—1 ’ 

Both male and female may have horns, or the male alone may be 
horned The Cavicornia have these structures very differently 
formed to the antlers of the Cervidee. They are persistent, 
and not shed as m deer ; moreover, they consist of a bony core 
at the base, which is covered by a hollow case of hom The 
feet of the Cavicornia are always cloven Hero belong the 

^ Dr Biachoff liaa shown that the fertilised ovum remams dormant for 
four and a half months before development proceeds. 
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“ staggard ” ; whilst a five-year-old or “ stag ” has five or more 
tynea A atrong-amellmg waxy secretion is formed beneath 
each eye from a sehaceouS gland 

Three species of Deer are found in Britain — namely, the 
Eed-Deer {Gervm elaphm)^ the Eoebuck {G capreoliLs)^ and the 
Fallow-Deer {Q dama) 

The Red -Deer {Q. daplms) is undoubtedly a native of 
Bntain, and is still found wild on Exmoor and the Quan- 
tocks in the south, and in Scotland The antlers are rough, 
and normally consist of two front branches, the ‘‘brow-” 
and the “bez-tyne,” a middle branch called the “tres,” and 
a “crown” In colour the red- deer varies from brown to 
reddish-brown, becoming brighter m summer, with n creamy 
patch on the tail. A stag weighs from 180 to 280 lb The 
calves are spotted with white in their first coat, which is cost 
m October and November. They breed in autumn, and par- 
turition takes place in May and June Two calves may bo 
produced. The horns, which often reach a great size in the 
“stag,” are shed m February or March It is strange 
how few of these cost horns are found those that one does 
come across are usually single antlers Stags no doubt eat 
the antlers after being shed , and others may, as Mr J effreys 
thinks, he covered up by the stag with leaves and brambles. 
Eed-deer are often very destructive, destroying agricultural pro- 
duce, not only by eating it, but far more by trampling it down. 
Farmers round Exmoor would sooner suffer this loss than destiny 
such sporting aninjols They also bark young trees and eat the 
tender shoots in forests to an injurious extent Around Exmoor 
one often sees fields of wheat spoilt by them, potatoes taken from 
the ground, and cabbages quite stripped The stag only eats the 
top of the turnips and throws the root over his shoulder, whilst 
the hmds eat the turnips down to the ground. The excellent 
sport they afford quite makes up for the local harm they 
may do 

The Roeluch (G, capreolu8\ once very abundant in England, 
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is now chiefly confined to the wilder regions of Scotland It is 
found in Cumherland, Dorsetshire, and Essex, and may he seen in 
a few parks. It has a long winter coat of a dull blown colour 
ill summer the coat is reddisli-hrown, with a white patch on 
the rump. The legs are long and slender and the antlers small, 
—never any “brow-tynes,” and as a rule only three teftninal 
branches present They are shed in December and January 
An adult roe weighs about 45 lb. The fawns are spotted with 
white, and are bom m April and l^Iay As a rule, each roe 
gives birth to twms. The roebuck breed about August ^ They 
pass the day in open spaces in the woods, coming into the fields to 
feed, especially upon standing com and clover. Much damage 
may be done, where they are abundant, if they get mto corn- 
fielda. Grass and shoots of oak and spmce form the chief food 
The Fallow-Deer {Gervut danm) is not a native of England 
It stands about three feet high. The antlers are dilated towards 
their extremities. They live in herds. 


CaVIOORNIA (OviDiE A\D BoVIDifi) 


The other Eummants interesting to us are the Oamcomia^ 
which mclude the Sheep, Oxen, and Goats In the Cavicornia 
theio ore never any incisors or conmes on the upper jaw, the 
hardened gum takmg their place. The dental formula is os 
follows . — 


0—0 0—0 


3«_3 • 3_3 


3 = 5 ' 3 = 5 ' ”‘ 5 = 3 -®^- 


Both male and female may have horns, or the male alone may be 
horned The Cavicornia have these structures very differently 
formed to the antlers of the Cervidee. They are persistent, 
and not shed as m deer , moreover, they consist of a bony core 
at the base, which is covered by a hollow cose of li(ym. The 
feet of the Cavicornia are always cloven Hero belong the 


^ Dr Biachoff has shown that the fertilised ovum remams dormant for 
four and a half months before development proceeds 



488 


MAMMALIA. 


Antelopes as well as Oxen and Sheep The former have annu- 
lated or twisted horns 

OmdcB {Sheep and Goats )^ — These animals have short legs 
and heavy bodies. The Goats {Gapra) have horns in both 



Sto 347 —Skull op Bam. 

1, Ocdpltal bone ; 3, parietal , 3, core of nglit ftontal bono , 4, left covered by Its 
hom, 6, supraK>rbital foranioii, 5 , cliannel aesoendjng from It, 0, laoliryinai bone: 
7, malar bone, 8. nastd bone, 0, auponnoxillary , 10, premaxillary, 10', Its Internal 
process , 11, Incisive opening (Chauveau ) 


sexes, and a tuft or beard of long hair on the throat The 
domestic Goat {Gama Mrcus) is descended from the wild goat 
of Persia and the Caucasus, the Gapra cegagruSy which lives m 
herds in mountainous distncts. 

Sheep {Ovis) never have a beard, and the horns are spirally 


(sheep, etc.) 


489 



Pig 248.— Skeleton of Sheep (Chaovean ) 

Note cervlcala longer than in ox, and longer farearm Thirteen paiia of riba aa In oxen 
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twisted- The carpus con- 
Bists of SIX bones in tho 
sheep and ox, — four in 
the first row, two in tho 
second, the magnum and 
tiapezoid being fused to- 
gether Internally the 
sheep 18 much like the ox, 
but in tlio ram there la 
no prostate gland, and tho 
penis is remarkable for the 
two lateral folds disposed 
like wings at the base of 
the glans. Horned vari- 
eties of sheep may have 
the horns m both sexes 
(blackfaced sheep) or only 
m the male (iiicrmo sheep). 
All sheep are natives of the 
Old Workl, but from what 
species our various domestic 
breeds have originated we 
do not know. Probably 
some of tho horned vari- 
eties with short tails have 
sprung from tho “ moufflon ” 
of Sardinia and Corsica. 


Pig 249 — Mkdun SmonoN op Ox's Hsad \ 

1, Condyloid foramon, 2, internal auditory 
Lintua, 3, anterior foramen Iflc^ni . 4, poa- oxeil lievor liave Spirally 
terinr ditto, 5, Intra-cranial orifice of iiarloto- ^ 

temporal iDone, e, bony plate aoporatlng frontal twisted homs. TllCV ai’C 

alnna , 7 , lamina laolatiDg spliouoidal ainua , , 

8, lamina laolatlnp the palatine part of tlie provided with an immense 
maxillary sinus, 0, oval foramnn , 10, optlo 

fossa , 11, vomer , 12, pterygoid , 18, large riimen, and Oil cheW the 
opening leading Into uiaxlUary sinus, closed by i nn 

pituitary incrabrane wlion fresh , 14, maxUlaiy CUd Iho skolctoil of the OX 

turbinated bone, 16. ethmoidal turbinateil 

bone, 16 great ethmoid cell (Ohauveau ) (og. 250) dlliers from that of 
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tho horse in that the riba are broader, longer, and flatter, and 
tli(iro are thirteen on each aide ; the sternum is flat and not keel- 
slmped , the scapula is broader at the top, and the premaxilloiy 
bones do not carry teeth. The frontal bones of the skull are 
enormously developed (hg. 249) The upper part of the frontal 
bone forms the pole. The pole is thick, owmg to the sinus in 
the frontal bones, and bears laterally the conical bony cores that 
support the horns. The ox, sheep, and goat have a third tur- 
binated bone in the nasal cavities In the foot of the ox and 
sheep the cannon-bone is composed of the fused third and fourth 
metaearpals and metatarsals, each digit is free, and carries a 
hoof. A rudimentary third metacarpal is seen in the ox The 
ulna, as in the sheep, extends the whole length of the radius 
Tile kidney of the ox is lohulated The sexual organs of the 
Bull have certain peculiarities, there are no Cowper’s glands, 
tho penis la long and thin, and lies in an S-shaped curve when 
retracted. Moat of the wild species are capable of domestica- 
tion The parent stock of our various breeds of cattle is not 
known for certain. Some suppose that the beautiful white 
Chillingham cattle, once wild over England, and now only pre- 
served in one or two places, are descendants of the wild cattle 
of Europe, the Urus or mountain hull (Bos 2 ^migemus)y which 
existed in numbers in a wild state m Gaul at the tune of 
Cmsar’s invasion. The three most important races of oxen 
wliioh have been traced back to B, pi^migemm ore — 

(i) The Brachyceros race (Appenzell cattle). 

(li) PrimigemuB race (Holland cattle). 

(iii) Erontosus race (Bern cattle) 

Another wild Bovis in Europe was the so-called British Short- 
horn (Bos lcyngifrons\ now extinct. Very probably most of our 
smaller short-horned varieties are descended from this wild 
species Another wild species in Britain was the Auroch (Bos 
Imon), a large species, which still exists m a wild state in the 
Caucasian forests. 
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OARNIVOEA or BEASTS OF FEET. 

Carnivora, which include all the Beasts of Prey and the 
Seals and Walruses (Finnipedia), have always two seta of 
teeth, covered by enamel. Teeth are of four kinds — incisors, 
canines, premolars, and molars The incisors are generally 

3 3 1 I 

, the canines , and are always large and well de- 

3 — 3 1 — 1 

veloped, pointed and sharp; the premolara and molars have 
sharp cutting edges. Some molars and premolars, however, have 
crowns adapted for bruising. As a general rule, the shorter the 
jaw the fewer the molar and premolar teeth, and the more car- 
nivorous the habits of the animaL The jaws can only move in 
a vertical direction. The temporal muscles ore strongly de- 
veloped, so that the head is rather broad. All carnivora have 
sharp claws, more or less curved, generally five, rarely four 
toes, a short intestine, and abdominal teats The foetus is 
enclosed in a deciduate and zonary phi cental membrane. Tlio 
two sections of Carnivora are as follows • — 

1 Pinnipedia = SQQh Pore and hind Imibs short, and in 

the form of swimming-paddles 

2 Fissipedia =J)ogB, Cats, Tigers, &c.^ 

Fissipedla. 

In this section we find the Weasels (Mtistelidco)^ the Dogs 
and Poxes (Qanulte), and the Felidce or Cats. 

MuSTELIDiB OR WeASELS 

The body elongated and slender ; legs short ; toes five, armed 
with sharp curved claws The skull is long and flat, with a 

^ Another claBsification of bhe Oarnivora is as follows . — 

(1) Creodonta Scaphoid and lunar of carpus separate Extinct. 

(2) Fissipedia Scaphoid fused with lunar Toes separate sUrsidec, 

Mustelidaa, Ganidoe, Felidm, Vivemdro, &c. 

(3) Pinnipedia. Limbs as paddles. Toes webbed. 
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tuberculato molar on each, siilo of the upper and lower jaws 
All the MiustelidcB have curious anal glands which emit a strong- 
smelling odoui*, these are greatly developed sebaceous glands. 
Some animals, such as the skunk, have the power of ejecting 



the secretion, which is most foul-smelling, some distance over 
their enemy. 

The Mustehdee are of considerable economic importance, as 
many of them are most injunous We may hero mention the 
Polecat {Putonus f(Bhdu8\ the Stoat (P. enninea\ the Weasel 
(P vulgaris) the Marten (Maites sylvatica)^ and the Otter 
(hutra mdgans), as being generally abundant in Britain, 
and also the Ferret (P furo\ which is said by some to bo a 
native of Africa, but which may have been derived from the 
polecat 

The Weasel (P. mLlgans) is a small elongate animal about 
eiglit inches long with a tail about two inches long. It is brown 
above and with a white belly. Tlie body is very slender and 
almost snake-like, the legs very short, and the head somewhat 
larger than the diameter of the trunk. It has a similar fur 
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winter and summer The weasel is extremely active in habits, 
and may be seen often with its family hunting along river-hanks 
and dykes, going in and out of the water-voles’ burrows Their 
food consists of voles, rata, mice, hzards, snakes, frogs, and eggs. 
It IS said that the weasel carries the egg it has taken under its 
chin They do an immense amount of good m destroying voles, 
both m winter and summer On the other hand, they some- 
times take fowls’ eggs and do other damage m poultry-houses 
of a night, whilst not a few game eggs are destroyed, and even 
young birds Weasels often migrate in numbers from place to 
place, especially to where field-voles are in abimdance. They 
breed m spring, sometimes having two litters. On the whole, 
they do more good than harm. 

The Marten {Maries sylvaiica ), — Only one marten is found 
m Bntain , it is of a nch dark-brown colour above and reddish- 
grey fur beneath, with a yellow or orange breast-spot, and a 
beautiful bushy tail It was never very common in Britain, 
and 18 now very rare. Its skin always was, as it is now, of 
considerable value Occasionally wo hear of specimens being 
taken m vanous parts of the country 

The Stoat or Ermine (P. einninea) is found m fields and 
hedgerows near woods and in rabbit-warrens. It is about 
twelve mches long with a ttul four inches in length, and has 
a slender body In summer it is yellowish-hrown with white 
belly, the tail tipped with black, in winter the fur becomes 
white except the tip of the toil, which remains jet-black In 
Bntain they seldom become beautifully pure white as they do 
in colder regions. Stoats hunt at night, feeding upon rats, 
mice, rabbits, and birds, and they sometimes commit havoc in 
poultry-yards. Like the weasel, however, they do good as well 
03 harm 

The Polecat (P fmiidm) or Foumart is much larger than the 
stoat, dark shining brown with yellow wool, and short tail com- 
pared with other Mustehdse. Unfortunately this animal, owing 
to its unnecessary persecution, has become now veiy rare ; still 
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there are some places, notably in Wales, where we may still 
often see it in the winter. In those admirable articles on 
British. Mammals m the ‘Zoologist’ (1891), Mr Halting tells 
Tia tliat twenty years ago it was comparatively common m most 
of the big woods m the home counties and within a very few 
miles of London It lives m rabbit-warrens, hollow trees, &c , 
in the open country, and feeds upon field- and water-voles, 
rabbits, and birds. Eels form one of its favourite dishes. In 
winter the polecats come nearer habitations, taking up their 
quarters in wood -stacks, &c., from whence they come out 
and suck the eggs in fowl-houses, and even attack the birds 
themselves. The polecat’s work m a hen-house can always 
be told by the eggs being sucked without being broken. 
Prom four to six young are bom in May and June , the young 
are blind, and cannot see for a month. Gestation lasts six 
weeks There is no doubt but that the polecat is the ancestor 
of the ferret : one cannot distinguish between the two on ex- 
amining the skeleton Instead of ruthlessly destroying the 
polecat, gamekeepers would do far more good by crossing them 
with the ferret, for no better workers than this cross can be 
found 

The OttefT {Lutra mUgaris) is still widely distnbuted. A full- 
grown dog-otter may reach thirty-four mches m length, with 
about eighteen to twenty inches of tail. Its fur is smooth, dork 
shining brown. The body is more or less flattened, as also is 
the pointed taiL The short legs end m partially webbed feet, 
and the ears are covered with flaps of skm. Its whole structure 
is adapted to a semi-aquatic life. Otters mhabit the hanks of 
rivers and lakes, where they feed upon fish, water-rats, frogs, 
insects, and even water-birdg. They are not nearly so destruc- 
tive to fine fish as is generally supposed, for they in preference 
take eels, roach, bream, and even jack 

The Badgefi' {Melee taxue) is still fairly common in Britam, 
although not often seen on account of its strict nocturnal 
habits In length some badgers reach over three feet, and 
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weigh as much as thirty pounds. The head is white, with 
a broad black stnpe on each side widening out towards the 
ears. The eyes are small, and the snout tapers somewhat to 
a point. The very loose skin is clothed with short fur and 
long greyish-brown ban’s, throat, under parts, inside of leg, 
and feet black. The tail is short and bushy, yellowish-brown 
in colour, and about six inches long. The badger lives in huge 
burrows in the earth, "with several openings, often twenty- 
five or thirty yards apart , these dwellings are made in the 
thickest woods some way from man's habitations They some- 
times use fox’s “earths” for their burrows, and live in 
harmony with “ Eeynard.” They often stay m their burrows 
for days at a time in winter, but do not actually hibernate. 
There are usually two large chambers m the burrows, the 
chamber in which the litter is found bemg Imed with dry 
grass and leaves, The badger is not, as is generally supposed, 
a solitary ammal, but where it is not disturbed it is social. 
Charles St John counted seven together at one time on the 
shores of Loch Nesa^ The badger closes the entrance to its 
earth m winter when the weather is cold, but soon comes out 
when the temperature gets warmer The young are usually 
four in number, bemg blind at birth and for nme days or so 
after The diet of the badger is very varied ; they take both 
ammal and vegetable food Ik>ots of various kmds, nuts, 
leaves, grass, fungi, snails, slugs, worms, insects and their 
larvee, frogs, snakes, birds’ eggs and young ground-birds, mice, 
small rabbits, and even hedgehogs, are devoured hy them. They 
certainly do some damage to game, but in nowise interfere with 
foxes, as is sometimes supposed On the other hand, they 
do good hy destroymg many vermin, and therefore should 
not be destroyed, as has been too often the case m the past, 
They are particularly fond of wasp -grubs, and destroy great 
numbers of neats during the summer, a habit which alone 
should atone for the shght loss they may occasion in game and 

^ ‘ WJd Sports aud Natural History of the Highlaudg,’ 

2 X 
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rabbita The period of gestation seems to be very variable, 
some going as long as fifteen months, others only nine 
months they evidently have the power of suspending gesta- 
tion The lower jaw is remarkable for being closely united to 
the upper jaw, by the glenoid cavity of the latter bending 
round the condyle of the former 


CANiD-ffi (Dogs, Foxes, Etc) 

The CanidcB have pomted heads, smooth tongue, and non- 
retractile claws. The front feet have five toes, the hind only 
four Two or three of the molars on each side are tuberculated. 
The only two species to be considered are the Fox (Cams mdpes) 
and the Dog ((7. famiharis). The Dogs and Wolves have round 
or obhque pupils to the eyes, the Foxes have the pupil 
sht-like. 



PiQ 262 — Teeth op Doq, ahd Ja'wb 
J, iHolaora , (7, canines , 5, symphyslH , Pmoj, promoxlUory bono 


The Fox ( Cards imlpbs) is too well known to need description 
It partly lives underground, not only m an “ earth ” formed by 
itself, but m those formed by other animals, such as the rabbit 
and badger In cold clay soils the fox will ho above ground 
under old roots of trees, in hollow trees, amongst scrub and 
gorse, and under the shelter of some ledge of rock along a cliff. 
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Mountain and moorland foxes he out curled up in the heather 
and make no earth. The fox breeds m winter, the period of 
gestation lasting two months. They htter at the end of March 
and in April Only one htter is produced in the year , from 
three to six cubs are generally brought forth. Like puppies, 
the cubs are blind for from nme to ten days , they mature m 
a year and a half, and may live for fourteen years Foxes are 
supposed to do much damage by destroying game, poultry, 
hares, &c. ; at the same time we must remember that they 
destroy numbers of voles, rabbits, and many of the larger 
noxious insect - grubs. The fox does quite as much good as 
harm, if not more, and tlins should be preserved, even if 
we do not choose to consider its great sporting value. We 
may sufier severely, of course, if one foolishly leaves fowls 
without protection. 

With regard to the dog, we do not know its origin All 
existing wild dogs, such as the Australian Dingo {G dingo) and 
the wild New Zealand dog, are sometimes supposed to be 
varieties of the so-called Oanis famiharis. The dog, then, is 
only known in its domesticated state. There is some probability 
that tho Wolf ((7, h/pus) may have been the ancestor of some 
of our breeds. 

Felid.® or Cats. 


The cat family all have short jaws and very strong masti- 
catory muscles, hence the head is short and rounded. The 
molar and premolar teeth are fewer m number than m any 
other Carnivora; they are all cuttmg teeth except the last 
molar of the upper jaw, which is tuberculate The upper 
camassial has three cutting lobes, the lower only two. The 
dental formula for the Cat family is the following . — 


3_3 i_i 3_3 i_i 


The tongue is roughened owing to a number of backwardlj 
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projecting homy papillfie The fore-feet have five, the hind 
four toes, armed with claws, which are retractile When not 
in use these claws (tig. 263, a) are drawn bock by means of 
ligaments (a and h) into sheaths (a), so as not to be unneces- 
sarily worn down. All the Fehdse are extremely active, and 
have a very flexible backbone Tliey are mainly noctiu’nol 



Fio 26B.— Bokes of Toh of Oat— a, wltli rotawjted, u, with extended claw 

a, Tendon of extensor muscle , b, retractor ligament , me, metacarpal , ph (1, 2, and 
^ Jst to Srd phalanges, a, bony sheath Into which claw llts (From Brit JUus 

in habits, catching their prey by springing upon it , many of 
the lighter-built Fehdee climb well 

One wild species occurs in Britain, but only in the north, 
especially Scotland, and the writer has seen it on Oader Idris in 
Wales — ^namely, the Wild Cat {Felix caius). The domestic cat 
is descended from the iN'ubian Cat {F, maniciilata), a native of 
the Sudan and Nubia. 

RODElSrTIA or GNAWERS.^ 

The order Rodentia contains the Mice, Eats, Squirrels, Eab 
bits, and Hares These are sometimes called “Ghres.” The 

^ The Rodentia are also placed in the order Trog<mUa of Haeckel , the 
two other sub-orders are the Tdlodontia and Tyj^othet^a^ formed for cer- 
tam Tertiary species. 
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Rodonts are characterised by having two long curved incisor 
teeth in each jaw (fig 254, e), the crowns of these are contmiially 
being worn down, whilst growth as rapidly takes place at their 
roots. These teeth ai’e employed in gnawing, and are more 
readily worn down behind than in front, so that they always 
present a sharp edge. This is due to the front having a plate 
of very hard enamel, whilst the back is composed of soft dentme 
The lower jaw has never more than two incisors, the upper may 
have four. Canines are never present ; the molars and pre- 
molars are seldom more than four m number on each side of 
the jaw. The molars have flat crowns, the enamelled surfaces 



Fio 254 — Ejead of Rodskt Thb Harx {Lepus eurqpasus) 
i, incisors , jmi, proiiiolors , ni, molnrs. 


ooing in transverse ridges rimning across the teetii. The hind- 
eet ore longer than the fore-feet, thus giving them the curious 
ipringing gait ; the feet have usually five toes fmniflhed with 
daws, but they may be reduced to four on each foot. The 
>yea are large and directed laterally. The bram has no convo- 
utions, being nearly smooth. Many rodents have ciuious 
ateral “cheek-pouches” in which food con be stored for some 
ittle time , when this food is required, the ammal presses the 
)ouches with its fore-feet. Most rodents are small animals, and 
ood upon vegetation They are endowed with great repro- 
uctive faculties. The foetus is enclosed in a deciduate dis- 
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coidftl placenta. In the male the testes are temporarily placet 
in tTie scrotimi, at other times they he in the abdomen 

The chief families are the Mundca (Rats and Mice), the 
Armcolidm (Voles), the Le^oridm (Hares and Rabbits), tlic 
Cavidob (Gumea-pigs), the GaatandcB (Beavers), and the My ox 
idea (Dormice). All we need consider are the Mice, Eats, Voles 
and Rabbits. 


Murids, or Eats and Mioh. 

In tliis family the tail is long as a rule, and the body ie 
long and narrowish. Hmd-legs longer than the fore -legs 
Head pointed. The back molars possess a tuberculate crown 
entirely covered with enamel. External ears clearly seen. The 
genus Mu8 (Rats and Mice) have long, scaly, ringed tails 
Two species of Rats are found in Britain — namely, the Drowi 
Rat {M. dmwmanv£)^ and the Irish Rat (If. Inhei nicus ) ; thn 
last species, told by the diamond-shape patch of white m front 
is only found in Ireland and the Outer Hebrides The Bind 
Rat {M, raMva) is now very rare, having been dnven out by the 
Brown Rat. The Black Eat is mdigenous to Europe (unless 
M hihemicus is really a distinct indigenous species) , it is small ci 
than the common brown rat, which came over to Europe in tin 
eighteenth century. It was imported mto Britain in shipping 
and IS now spread all over the woild It may also have entered 
Europe from Asia by migrating into Russia. In any case, i1 
has increased with alarming rapidity, and has quite driven oui 
the indigenous black rat The black rat is smaller and miieh 
darker than M, decuniarms, which has a dusky-grey belly and c 
longer tail. Here and there specimens arc still seen, the write! 
having trapped it m Lundy Island 

The Rats live upon all manner of substances, and are iioxiouE 
in many ways, — a great nuisance indoors, a veritable peat ir 
poultry-yards and amongst corn, whilst they also distribute the 
trichinosis amongst pigs, a disease which rats are very subjoci 
to, and still more, through their fleas, plague. 

A fourth species, Mua cdexandnmLS, is sometimes found in 
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dockyards, &c , having come over in ships from Egypt, but I 
am not aware that it is established m Bntam. 

Three species of Mice are common in Britain — namely, the 
Common Mouse {M musculu8\ the "Wood-Mouse {M 8ylvaticus)y 
and the Harvest-Mouse {M messorvus) 

The Long-tailed Field-Mouse or Woocl^Mouse {M, sylvati&as) 
— This 18 the largest of our mice belonging to the genus Mus, 
It can be told from the Common Mouse {M. miisculiLB) by its 
warmer-coloured fur, by the greater size of the ears and length 
of the hmd-legs, by the large, very prominent eyes, and by the 
elongated tail . it is between three and four inches in length, the 
tail bemg another three and a half inches long. M. sylvatims 
is yellowish-brown with a greyish tinge, and white beneath with 
a patch of fawn between the fore-legs , the feet and fore-legs are 
pure white up to the carpus ; the posterior feet and legs also 
white below, a white streak running up to the under surface of 
the body. The long flexible tail is dusky-brown above, white 
below. This mouse is a great pest to both former and gardener. 
It eats com, and works along the rows of peas in the garden, 
whilst nuts, roots, clover, and carrots all fall to its bill of fare. 
These mice store up immense quantities of food for the winter, 
but do not hibernate Wood Mice have been trapped m 
the hardest weather, when they come out to feed upon the 
bark of small trees. This species was one of the two that 
caused so much harm to the trees in the Forest of Dean m 
1813. It may also take young birds, and I have found the 
remains of numerous Coleoptera in their stomachs, especially 
Carabidae. Their burrows are found m banks, old walls, hedges 
around gardens and fields, and at harvest-time m the fields. 
They commence to breed in March, and have four httera, the 
munber of young varying from six to nme. The young are 
said by Grilbert White and Barrmgton to stick most tenaciously 
to the teats of the mother when they are fnghtened. 

The Harvest-Mouse (M. m£8soi'ivs = minutus), — This mouse 
IS bright sandy -yellow, brightest in colour towards the toil, 
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and white beneath ; the sidoa of tlie head are orange The 
colour, however, varies a good deal, but is always brightest in the 
female sex. The feet ore long and delicate, and covered with 
line yellowish hairs in front and white at the sidea Tail 
scantily clothed with hair. Length, as a rule, two and n half 
inches, tail two inches The period of gestation is said to 
be three weeks ; the young vary from five to eight. Tins 
species huilda a beautiful nest hned with fine Jiair and grass, 
said to he split np hy the nnimal^s teeth The nests are often 
no larger than an orange, and sometimes quite round This 
breeding nest is much like that of a bird. A winter nest is 
also formed, where they pass the cold months of the year, in 
stacks, &c. Tho favourite localities ai'o amongst reeds, long 
grass, and low shrubs, where the nest is often placed some way 
off the ground. It is no unusual thing for M messo-mis to take 
the nest of a warbler and build its own in and over it They 
may sometimes be found in wheat- and barley-fields, but never 
in any great number. These mice feed on com and various 
seeds, also flies and other insects, and they are known to eat the 
buds of goosebenues and currants. Hazel-buds ore also eaten. 

The Qmnmon Mouse {M mvsculvs) need not be referred to, 
being well known. It is chiefly this species that we find so 
abundantly m corn-fields, and not M, messcn'iiis, as is generally 
supposed. 

Arvioolid^ OB Yoles. 

k 

These can be told from the true Eats and Mice by the more 
solid body, thick head, and blunt snout, by the absence of ex- 
ternal ears, which are covered in fur, and by scales being 
found wantmg on the tail, which may be portly hairy. 

There are three common species — namely, the Water-Vole 
(Anncola avipkih?its\ the Eank-Yole (A, glareolvs), and the 
Field-Yore {A. agi'esUs) Hone of these are found in Ireland. 

The Field-Vole {A agre8Us\ sometimes called the short-tailed 
field-mouse, is a small vole with dork-hrownish back and grey 
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belly. This vole lives m colonies, preferring low-lying pastures, 
where it burrows into the ground. This species is most prohfic, 
having often four httera in the year, each consisting of eight 
to ten young Tield Voles are frequently most destructive in 
pasture-land, also destro 3 Qng the bark of trees. 

The Wat&'-Vole or Wat&i^-Rat {A, amphibia) lives along the 
banks of streams and m damp meadows, tunnelhng branched 
passages into the soil It is blackish-brown on the back, with 
a greyish-brown belly, and is often very destructive to grass- 
land and corn and “clamped” roots. This vole takes the eggs 
of poultry, and damages the bonks of nvers, canals, and dykes 
often to an alarming extent 

The BarJc Vole {A glareola\ a brownish-red species with 
pure white breast, belly, and feet, occurs chiefly m forest tracks 
Unlike the field-vole, the tail is very long, there being twenty- 
three caudal vertebrse ; and the ears are also longer than those 
of the field-vole, coming above the fur. It is from three and a 
half to four inches long, the tail bemg an mch and tliree-quarters. 
A {jlareolus may be found m sheltered hedge-banks and ivy-clad 
tree-stumps, and amongst the exposed roots of trees in banks 

Plagues of Voles — In 1891 there was a great plague of field- 
voles {A agrestis) in South Scotland In Roxburgh and Dum- 
fries alone over 90,000 acres were more or less affected. They 
first increased m 1890, overran the boggy and rough land, 
and then spread everywhere, damagmg grass, heather, and 
trees, and carrying rum before them What had preceded this 
plague? Constant war with trap and gun upon the game- 
keepers* so-called “vermin. ** The Scottish farmers had to 
suffer for the ignoi’ance of the gamekeepers, who had killed off 
the natural enemies of the voles — namely, the hawks, owls, 
crows, weasels, polecats, &c. 

A still more serious outbreak of voles {A, arvalis) occurred m 
Thessaly in 1892, which threatened to destroy the whole corn 
crop of the district , but, thanks to Professor LoefiBer, the voles 
seem to have been extornimated by inoculation on a large scale 
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with hifl hcicfdli typlii murians At present various virus ” 
are on the market for killing Eats, Mice, and Voles. The 
writer has not found these to be always of value. 


Family LEPORrois (Rabbits and Hares). 


These rodents can be told by their possessing two small 
incisors m the upper jaw (fig 254), just behind the two large 
frontal ones, so that the dental formula runs thus — 


2—2 0—0 3—3 3—3 
1—1’ 0—0 2—2’ 3—3 


The upper lip is cleft and the hack teeth have folds of enamel 
The fore-legs are much shorter than the hmd-limbs, and have 
only four toes, while the tail is short and erect. 

The Rahhit {Lepm mnitvJLui) breeds with great rapidity, 
the young are blmd and hairless at birth. From five to eight 
famihea are produced in the year, and often there are six young 
at a tune. They commence to breed when only six months old. 
The burrows, which are in large companies (warrens), can be 
formed in any soil not too stiff The rabbit will flounsh every- 
where in temperate and sub-tropicol regions, and is often, as wo 
see m Austraha, a terrible scourge. This, agam, has been 
brought about by the mad slaughter of weasels, stoats, and 
rapacious birds. 

The Hare {L timidm)^ on the other hand, htters in the 
open, the young being bom in a more advanced stage than m 
the rabbit, and with open eyes. They do not breed as rapidly 
as the rabbit, seldom more than four tunes a- year, produemg 
two to four yonng (leverets). The common hare is found aU 
over Europe except Sweden and Norway Eaies are often 
destructive to crops, especially cabbage, carrots, turmps, and 
rape They will eat almost any green stuff. It is chiefly in 
gardens that they do harm, but they can easily, like rabbits, he 
kept out by wire. 
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mSEOTIVOEA (mSECTIVOROUS MAMMALS) 

All the Insectivora are small mammals, very like lodenta in 
appearance, but have not the rodent incisors, and have, on the 
other hand, distinct clavicles (fig 266 b, cZ), which are absent 
m the gnawing mammals The teeth are very variable * the 
molars ore always serrated 'vyith small pointed cusps, perfectly 
adapted for crushing their insect food ; there are never less 
than two pairs of lower incisors. Insectivora have five toes, 
armed with claws, to each foot. They are plantigrade. The 
snout IS slender and sensitive, being used as an organ of touch. 
Most of this order are small nocturnal mammals, many being 
subterranean in habit The placenta is deciduate and discoid al. 
They are all more or less beneficial, feeding upon ground- 
insects, worms, and snails A few feed upon small birds and 
mammals and vegetation. In most the eyes are badly de- 
veloped, in some they are scarcely of any use 

The families of economic importance to us are the Moles 
{Talpid(B\ the Shrew-Mice {Smcid(B\ and the Hedgehogs 
{Ermaceidoi) 

Family TALPiniB. 

Body covered with a thick soft fur 3 feet adapted for digging 
in the earth, with large claws 3 eyes, which are present deep 
in the fur, more or loss useful for purposes of vision — they 
can distmgiiish the light from darkness, if nothing else, the 
fore- legs ore short, broad, and spado-hke, and the pal m s are 
turned backwards The British species is Talpa mropcm, 
which has a beautiful shmy black fur. The mole may be 
found nearly everywhere, unless the soil is very heavy ; its 
presence may be detected by the heaps of earth it throws up 
out of its tunnels in the ground. Light soils are preferred by 
it, especially where there is plenty of humus, but it may bo 
found even along chalk downs. We know of one place where 
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there is not more than two inches of Iminus over the chalk, 
and where moles ore abundant. The nest is placed nnder a 
heap of earth, and consists of a largo round space lined with vege- 
table matter ; this central space is surrounded by other smaller 
chainhers and passages. !From the nest there runs a tunnel to 
the place where the insects, such as wireworm, abound ; the 
walls of this tunnel are firm and compressed. The chains of 
mole-hills and the subterranean passages having fallen in are 
certain indications of the mole's feeding-ground its passage to 
this area is marked hy a depression in the soil There are two 



Fig 265 —a, Skglt., avtd b, Biiouldeb Ginnui] o? Mole. 

c, Carpna, cl, olavido, /, fnlci form 130110 ; ft, LmnoruB, ma, Tnotacorjm»; j)&, plid- 
aiigos , r, nulUis , u, uliia , so, suapula, si, Htoinuin , t, iiidLorti , e, cniimcH , a, aunfl , 
fli, axis , vl, third corvicnl (After HioinoH ) (Brit Mua Oat) 

separate chambers for living and breeding in. The latter is 
often lined with fur. The depth of the tunnels varies with the 
season, according as to whether the wneworms and earthworms 
are near the surface or deep clown. The mole hunts winter 
and summer, and does inestimable good by devouring noxious 
gi'uhs Some authorities say they store up earthworms in deep 
firm-wnlled depressions for winter food and food for the young 
Tlio young moles are born m June and July; the number of 
cncli litter vanes from five to seven. Not only do they hunt 
underground, but they may often bo found traciking 1?lie earth- 
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worm above ground In Ireland Tolpa mro^pma is unknown, 
nor is it seen in the Western Islands of Scotland They may 
bo a nuisance in grass-land and corn-fields at harvest-time, but 
should then be trapped alive and put where they can do much 
good, as long as they are not allowed to increase unduly But 
IS it certain that they do any harm*? Surely by tunnelling 
the earth they help surface drainage; surely the mould they 
bring up, spread upon the land, would act as a beneficial top- 
dressing, and what of the countless hordes of wireworm and 
loatlier-jaokets they destroy? 


The SoRioiDiB or Shrew-Miob 

are all small mouse -like animals with soft fur, well-developed 
eyes, and external ears, and with a more or less pomted snout 
Shrews live in subterranean passages, where they devour noxious 
grubs. They do not, it seems, make their own passages, but 
live in those formed by voles All the Shrews have a peculiar 
smell, coming from two sebaceous glands near the anus 

Throe species are found in plenty m Britam — the Common 
Shrew {Boii'ex vulgam^^ the Little Shrew (/S pygmeeus)^ and 
the Water- Shrew {S fodiem) The lost mentioned is quite 
black, and although beneficial on land, is said to be moat 
hni'mful to fish-breeding, hving upon the small fry. 


The ERiNAOBiDiB OB Hedgehogs 

nro represented by one species in Europe — namely, E. mrop(ms 
— that lives upon grass-snakes, adders, frogs, snails, and various 
grubs, voles, poultry and game eggs, and sometimes vegetation. 
They hunt only of a night, rolhng up into a ball when 
attacked, and are thus protected by the pnckly spines on the 
upper surface of the body. The Hedgehogs passes the winter 
in a aonii-dormant state, but sometimes comes out at that time 



510 


MAMMALIA- 


of ytiar From tliroo to four young aro born iii May tboy are 
pinky white, wifcli white qmlla, and both oyos and eois are 
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ehjsed They are produced and kept lu a nest of nioas, covered 
with leaves. In many respects the hedgehog is iujiinoiis, but 
lb also does good in destroying vermin 


OHIROPTBRA or BATS. 

The Bats, which are inaoctivoroua mammals, are characterised 
by the peculiarly modified forearms, adapted to form tha 
wings The digits of the fore-limh aro enormously elongated, 
except tlio poUex These fingers are united hy a thin mein- 
brune called the “patagmm” (fig 267, P), winch is also ex- 
tended between the fore and hind limbs and united to the sides 
of the body. This expanded membrane is used for flight. The 
pollex and first finger of the fore-limb may have a claw, but the 
others are destitute of them The hind-digits have each a long 
iiaiL Bats have teeth of three kinds, and m all the canines are 
well developed. The molars m the insectivorous bats aro always 
sharp pointed , in the foreign fruit-eating bats they arc tiiber- 
culato The bones aro never hollow as in hmla Two mammsB 
arc placed upon ilie chest The body is covered with hair, and 
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the ears- may be large and sensitive. The tail (T) is sometimes 
included m the patagium, i^hich stretches between the hin d- 
limbs. Eats are either nocturnal or crepuscular, and therefore 
the eyes are small, the sense of touch being correspondingly 
developed. They pass the day hanging up in hollow trees, 
amongst masonry, m caves and the crevices of rocks. Only 
insectivorous bats (Insecitvo) a) occur m Europe , the Fi'ugivora 
occur m Austiaha, Java, Asia, &c 

We have at least seventeen species in England, the commonest 
being the Pipistrelle {VespertUio pipistrella), the Long- eared 
Bat (PlecotiLs auritus) (fig 226), the Large Noctiile (F. noc- 
tula), and two Horseshoe Bats {Rhinoloplms fm'um-eqiivwum 
and kipposideros), which have a curious leaf -like structure 
attached to the nose, of a sensory nature. Tliese bats feed 
chiefly on moths, and thus prevent largo numbers of cater- 
pillars from attacking our crops. 

The other orders of Mommoha aro not of any special im- 
portance to us, and thus need not bo refeu’ed to in this text- 
book 

The Animal Kingdom culminates m the order Primates, 
which includes the Quadmmana or Monkeys and Lemurs, and 
the Bimana or Anthropoid Apes and Man, 
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THE PREVENTION AND TREATMENT OP VBRMIOEOUS DISEASES. 

Although we have said in chapter v that some worms (Anguil- 
lulidse) oooasion considerable harm to certain crops, yet it is 
amongst our stock that their ravages are mostly felt, especially 
in sheep, cattle, horses, and poultry As the loss that many worms 
are accountable for often reaches very senous dimensions, a few 
general notes on the prevention of these parasitic diseases may not 
be out of place here, after having dealt with their economic history 
in preceding chapters. The three most important groups of the 
parasitic worms are the Tapeworms, Round- or Thread-worms, and 
Elukea Tapeworms often cause severe diseases m animals and man 
(so called TcBmoais) When we know the life-history of a species it 
18 usually easy to prevent the increase, if the trouble is taken to do 
so , but where we ore ignorant of the various stages and habitats of 
the peats, remedies only he in our power, and the vetermary surgeon 
has to be called m As pointed out in chapter iv , most tapeworms 
have two distinct hosts — one in which the adult sexual tapeworm 
hves m the intestines, another in which the asexual cyst or bladder- 
worm takes up its abode The cysts are usually found m carnivorous 
and omnivorous animals, m the various organs and mtemal mem- 
branes Each cyst may give nse to one or hundreds of adult 
worms, m another ammal, on being eaten. By the destruction of 
these cystic parts the tapeworm stage is prevented, and the tscmosis 
is stopped from spreading. Eor instance, if all the heads of 
“pothery” or “sturdy” sheep are destroyed (and sometimes m 
lumbor-gid the spinal cord) with the coBnuri m them, so many 
hundreds of Tcenia ccmwrus^ one of the dog tapeworms, are destroyed 
Again, if the diseased pork called “measly pork” is not eaten 
insufficiently cooked by human beings, the dreaded human tape- 
worm, T, adiwm^ is prevented, and the same with “measly” beef. 
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Tne destruction of all parts containing the cysts or water-bags 
should be carefully carried out, instead of throwing the same to 
dogs, or being used even as human food. 

The ova and embryos that form the hydatid stages or cysts 
are obtained in a number of cases from polluted drinking-water 
The eggs passed out with the sexual tapeworm, and thus out of the 
host, are often left upon the ground, and get earned by ram to 
runnels, ditches, dykes, and nvers. Yet many are token off the 
ground direct by herbivorous animals. Sometimes whole proglottides 
voided out m the dung are eaten, and then the animal is invaded, 
if it be the proper host, with hundreds of small cysts, as seen in 
CysticerouB cellvloaoB in pigs. We must bear m mind that we cannot 
get nd of these cysts when once they have taken up their rendezvous 
m the orgams, except in the isolated esse of Multiplex multiplex^ 
which may sometimes, if a single cyst only exists, be extracted from 
the sheep’s bram by trephining. It is therefore very essential to 
prevent the ova of oestodes from entering an animal. To do this 
we must endeavour to keep our stock free from these worms (and 
other parasites). When they are noticed by such symptoms as 
thinness, capnoious appetite, irritation in the lumbar regions, and 
the presence -of proglottides m the excretsi, the patient should be 
shut up, well dosed, and all excrement, with the expelled proglot- 
tides and scolices, burnt. We must bear m mind that os long as the 
scolex remains the cesiode can continue to grow, thus necessitatmg 
the certain expulsion of this budding area. 

In regard to tronioides, great numbers of substances have been 
experimented with, and many ore more or less successfuL Before 
dosing, the patient should be given no sohd food for at least twelve 
hours previously, but a small quantity of soft food only. A mild 
dose of castor-oil should also be given beforehand. The most certam 
drugs are oreca-nut, male fern, calomel, pomegranate bark, and 
sulphurct of calcium. Perhaps the best is a mixture of areca-nut 
and male ahield-fem powders in the proportion of 2 grains of areca- 
nut to every pound- weight of the dog, with 16 minims (drops) of 
male shield-fem extract This tBanifuge should be given m sweet 
imlk, and is best followed next mormng with a mild dose of oastor- 
oiL As a rule, two doses of the powders are necessary. ^Ethereal 
extracts of male shield-fern m 2-graiin to 6-grain doses also brings 
away the worms. Similar drugs may be us^ for poultry m vary- 
mg doses But for sheep, kamala m 10-grain doses has met 
with most success. In poultry I have obtomed excellent results 
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with the extract of male fern, about 10 drops admiuisteired in 
aalad-oil 

Noimitodo or ivund-wonna aie little affected by the above, at 
least the majority of species The round-worms may or may not 
have two distinct hosts. Such groups as the Tnchmro hve in two 
different ammals or in different parts of the same animal The 
asexual forms live in the connective-tissue organs, and in the blood- 
vessels, &c , the sexual forms m the intestines, the air-possages, 
and a few beneath the skin The majority of Nematodes pass their 
eggs out m the host’s dung, the worms coming away when their full 
complement of eggs are laid These ova he about upon the ground, 
get earned into the water, and are thus taken up agam with food 
and drink. Some undergo a shght development outside the host 
upon the damp ground and vegetation , and possibly some few may 
live in a secondary host, such as earthworms, snails, insects, &c. 
Some are earned by biting flies (Filanss and Mosqmtoes) 

The well-known disease, tnchinosis m pigs, rats, and man, is 
distributed chiefly by rats, and through them it is given to pigs, 
and from the latter to man Here agam the knowledge of the life- 
history helps us, for by stopping the common practice of giving 
doad rats to the pigs, we shall tend to check a disease which m 
human beings may be attended with fatal results. The destruction 
of rats IS most necessary 

Some pastures are known to be impregnated with certain 
diseases, such, for mstance, as lung-worm or husk, and the worms 
producing parasitic gastritis. When this is known to be the case, 
it 18 well to keep the animal subject to the disease off the land for 
some time, feeding it down m the meanwhile with other stock 
that are not invaded by the particular kmd of parasite we wish 
to destroy. In the red intestmal woims, the armed sclerostomes, 
in horses, we can employ this way of clearing the paddocks by 
grazing sheep on them for some time ; these ammals, feeding close 
and making the land obnoxious by their excreta, destroy the 
majority of the eggs passed out in the horses’ dung, and are not 
themselves invaded by the equine parasites A large number of 
round-worms live m the intestines of all ammals, and as the ova 
are passed out in the dung, it is very essential m an outbreak of 
these nematodes to see that the diseased animals, such as horses, 
are boxed and all the excrement burnt, whilst the meadows should 
be kept free from the hosts, and if the disease is not an ovme one, 
dressed with salt and fed down by sheep. Diseases, such as husk, 
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are spread by the embryos bemg brought up in the mucus from 
the air-passages , these germs are scattered about upon the ground, 
and thus sow the seeds of disease for numbers of other lambs and 
sheep When that spasmodic cough so characteristic of “ hoose ” is 
heard, it is surely advisable to remove the animal, and so prevent it 
from oontammating the ground. 

Similar remarks apply to gapes in poultry. The ground becomes 
fouled with the ova rdeased from the bodies of the coughed-up 
syngami, to such an extent that it is not possible to go on success- 
fully breedmg birds on the same land for any length of time Kuns 
and breedmg -places should be dressed with gos-hme, so as to 
destroy the ova and embryos, and chicks ought to be kept far 
from the stock-birds. Unfortunately wild buds suffer from gapes, 
so that we shall constantly get fresh infestations, but we can 
prevent epidemics. 

Speaking generally, we can prevent nematode diseases by isolating 
the sufferers, burning theu excrement, and removing to fresh land, 
thus allowmg the old land to have a restj or by suhetitutmg other 
kinds of stock until the land becomes once more clean. It is very 
doubtful if any dressmgs can be apphed to grass-land, as nothing 
will touch the ova or larvae that will not bum the grass as well 
Lastly, attention to the water-supply should not fail to be given 
during and after an epizootic atta^ on the form. For destroying 
round intestinal worms, such as the ascandes and oxyures, the drug 
called santomne may be successfully used It should be preceded 
by a purgative and absence of food for some six to twelve hours. 
For horses santomne is used at the rate of 20-gram to 30-gram 
doses, one dose given m the mommg, another of a mght, followed 
by a purgative next mommg By far the most certain nematooide 
18 thymol, given m 16-gram doses to horses mommg and night, 
followed by a dose of oastor-oiL Thymol can be dissolved in alcohol, 
and should be admmisbered m warm sweet Tmllr In oases of armed 
solerostome attack the drug is especially valuable, as it not only 
clears out the free red-worms (S equimm and S, tetramnihim) hut 
also destroys those encysted m the mucous membrane. Generally 
the two doses suffoe, hut it is best to follow with the same treat- 
ment next day. Bogs oon only stand from 2 to 3 grams of thymol, 
and fowls, I find, only 1 to 2 grams, which soon removes the white 
thread-worms {Keterakvi) 

Those vermiceous peats that attack the air-tubes, such as the 
gtipe-worm in fowls and some of the lung- worms of sheep and calves. 
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can be destroyed by tracheal injections of camphor and creosote ; 
but as skilled labour has to be employed, and then only one of the 
three worms in the lamb is affected, the method is scarcely to be 
advised, in sheep Tumigations with sulphur, &c , are equally un- 
satisfactory All we can do is to keep the stock well and properly 
fed, isolate the affected ones, and avoid foul pastures. In gapes, 
however, allowing a drop of camphorated or eucalyptus oil to run 
down the trachea is always satisfactory, and perhaps is the best 
way to treat birds when only a few are a1 tacked ; but when large 
numbers have gapes the use of the fumigating-box is advisable 
Blowing mto the box, with bellows, finely ground camphor and 
chalk causes the worms to relax their hold and the birds to cough, 
and so the nematodes are expectorated, or patent powders like 
“ Camlin ” may be used 

Flukes or trematodes are impossible to destroy, as far as our 
present knowledge goes, when once fairly housed m the bile-ducts 
of the liver Land along the edges of nvers and streams may be 
said to be generally hable to be infested with trematode germs, 
which, as pomted out previously, hve m the water-snoils {LimncBua 
truncatulibs) during part of their early life Certain meadows in 
which these moUusos abound are hkely to affect the flock; such 
land should thus be fed to beasts which, although sometimes sub- 
ject to trematodes, are not seriously affected Attention should be 
paid to the molluscan hosts, hordes of which may be destroyed, 
when cleaning out the ditches and dykes, by castmg hme over the 
mud brought out, when not only the primary host but the embryo 
flukes are killed In all parasitic vermiceous diseases the strength 
of the host must be well maintomed by good and nch feedmg, so 
that the invaded animal can withstand the extra dram on its 
system This and proper sanitary measures, the apphoation of a 
few well-known vermifuges, and the destruction of diseased parts 
instead of giving them to dogs and other animals, are the mam 
points m preventing the too persistent losses from vermiceous 
diseases. 

In the case of infected food, which seldom now passes out of the 
markets in this country, thorough cookmg destroys the cysts and 
germs of various diseases, the chances of infection bemg very shght 
Water plays a promment part m the distribution of some of these 
complaints, and where jiosaible the purest sprmg-water only should 
be employed, for stock as well as for man, especially dunng and 
after an outbreak. 
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APPENDIX IT. 

THB PRBVBNTION AND DESTRUCTION OP INSECT PESTS. 

To be able to cope with the numerous insect attacks which our 
friut, vegetable, and other crops and stock suffer from, it is essen- 
tial that we know certain entomological facts, and something of 
the hfe-histones and habits of those insects we wish to destroy 
A knowledge of some of the simplest elements of entomology will 
enable us to understand the why and the wherefore of applying 
certom remedies m certom ways and at particular times. {Vide 
chapter vu,) 

Cerlmn iriseots cure injimouB vn one stage mily^ oth&rs in two stages^ 
amd those with an vncomplet^ hfe-kutory d/wrvng th&ir whole hf e-cycle, 
fiom, the hitching of the egg omoa/rds — In the majority of groups 
it is the larva that does most harm, as in the wireworms or larvm 
of the chok beetles {Elatei's), the leather-jackets or larves of the 
daddy-long-legs {TipuUdee), the surface-larves or catei*piUai’S of the 
dart-moths {Noctum), and the root-eatmg maggots, the larvee of true 
flies (JHpiera) There are, nevertheless, many exceptions to this 
general rule : for instance, both larva and adult of the cockchafei's 
{Mdolonthylce) do damage ; the larva as well as the imago of the 
flea-beetles {SalticidoB), the pea weevils {Sitones), the raspbeiiy 
weevil {fltiorhynchus), and asparagus beetle (Cnoceni) also cause 
considerable loss m our fields and gardens In the case of flea- 
beetles and others the adults do most harm, the damage caused by 
the larv80 bemg of secondary importance. Those msects, such as 
plant-hce, which have an moomplete metamorphoam are destructive 
m aU their stages. With the exception of this last group, the larho, 
pwpa, and odvlt have generally different hahitata. In some insects we 
can best get at the larva to destroy it, m very few the pupa, whilst 
many we can attack whilst m the adult phase. The egg masses 
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of a few may bo destroyed in winter Thus the importance of 
knowing the hfe-histories of our insect and other pests 

Nearly eoery hwwii plant w attacked hy some insect — Very often 
each species of insect has a particular food-plant the onion fly 
only attacks tho onion, the rust or caiTot fly the carrot and parsnip, 
tho American blight the apple and elm and the pear More gener- 
ally any member of the same family of plants is attacked by one 
species of insect , for example, the turnip flea infests all Oniciferro 
alike. Some of our worst pests are general feeders, such as tho 
wireworm and leather jacket, which will feed off the roots of nearly 
all plants Where we get one species feeding only off" one particular 
plant or family of plants, we can do much to prevent thoir damage 
by judicious rotation in tho garden and in field cultivation. 

Three of the most important structural featwres to he considered in 
regard to insect eradication and prevention of their attacks are the 
structure of the mouthy the hreathing apparatus^ and the organs of 
sense — There are three distinct types of mouth found in insects , 
the first IS modified for hiting^ the second for piercing^ the third for 
sucking Insects provided with a biting mouth devour plant-tissue 
wholesale, both leaf, fruit, stem, and rootage being subject to their 
onslaughts Piercing-mouthed insects have their mouth -parts drawn 
out into needle-shaped lancets enclosed m a tube formed hy the 
ui>per and lower lips. These insects feed by plunging the mouth 
into the leaf and drawing out the sap, or into the skin of animals 
and man Suching-mouthed insects have a long, soft, coiled pro- 
boscis, and can do no harm. Lepidoptera have sucking mouths, 
but some few in Africa, &o , have the proboscis so hardened they 
can attack fnut This structure of the insect mouth is a point too 
often neglected by people anxious to destroy insects Poisons such 
as arsenical washes are useless for piercing-mouthed insects such as 
plant-lice and bugs , on the other hand, poisons that will hold to 
the leaf will be taken in by leaf, fruit, and blossom-eatmg larvro, 
and so destroy them The plant-louse would plunge its beak 
through the poison before it is used, and so escape its ill effects , to 
poison plant-lice we should havo to poison the sap, or use some 
substance that corrodes the skin or penetrates the spiracles like 
nicotine How, then, can we destroy such pests ? On examining 
any insect we shall observe (os pointed out m chapter vii ) at the 
Bides of the body a number of oval or slit-like apertures these are 
hreathing poi es or spvrouiles Insects do not breathe through their 
mouth, but through these respiratory openings Varnish these over, 
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and the insect will "bo asphyxiated Plant-lice, &c , can bo killed, 
then, by using some spmy that will block up these bi’eatliing-pores 
soft-soap answeiB tins purpose ; other substances, such os quassia, 
put ill the wash, are of value, but arc not essential for killing most 
aphides Soft-soap also adheres to the aphides’ skin, and is useful 
besides in fixing corrosives and poisons on tlio insect and foliage 
The more soft-soap used, withm certain hmits, therefore, the bettor 
Certain substances, as parafiin, coiTode the skin of aphides Nioo- 
tmo and pyridine penetrate the spiracles and produce paralysis 
Mites, on the other hand, breathe cutaneously, and not through 
spimcles j nicotine or soap washes have less eftbot on them ; sulphiu*s 
have to be used, or a paraffin wash. 

On the Ihoad of an insect wo have observed^ hesides the mouthy tioo 
Jemds of eyes^ avmple and compowid^ mid in front of the two large 
compound eyes a pair of jointed horn-like proceeeeSy the feelers^' or 
antemwB — ^What are these feelers for 1 They are sense organs ' 
whether they servo for one or two or more sensory functions wo 
do not know. Ono sense is certainly developed in them — namely, 
“smell” The sense of smell may also be seated in the jointed 
palpi attached to the two lower pairs of jaws. Insects have tho 
sense of smell very acutely developed they are attracted to tlioir 
food-plant by its odour, both for feeding puriioses and for ovi- 
position Plant throe beds of carrots in your garden some distance 
apart : sow one thinly, so that you have no necessity to thin them 
out ; sow tho other two m the ordinary way, and thin out one of 
these, damaging the plants by bruising as you do so, and leave tho 
soil loose around the plants loft in the ground ; thin out tho thirtl 
bed m tho same manner, but sprinkle over it, -as you go along, sand 
soaked in paraffin, so that tho sand falls down and covers in the 
spaces around the young carrots You will find the middle plot 
infested with “rust,” tho fiies having boon attracted by tho smell 
from the bruised carrots , tho dressed plot and plot one will bo 
practically clean, owing to the paraffin destroying the smell of tho 
plant in tho one ease, and no smell being released in the other. 
The use of these deodorants is very important as a preventive of 
insect ravages, both for dressing tho seed and young plants 

Thus from studying the stmctiiro of on insect we sec that we can 
fight them in tliree different ways — by poisoning, by asphyxiating, 
and by destroying the natural smell of tho plant The corrosivo 
action of certain substances must also bo noted. 

Spraying is necessary for clean cultivation in the orchard and 
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garden ; recently, much attention is paid to “ dry-spraying ” or 
dusting 

The two means of checking imect ramges are hy Prevention and 
Remedies — By prevention the appearance of any pest is forestalled, 
by either making the surroundings unfit fur them to live m, by 
the winter destruction of the msects, by trapping, or by the use of 
deodorants upon seeds and seedlings In regard to the winter de- 
sij iiciioTiy which IS one of the most important features in prevention, 
let us see where insects generally take up their winter quarters 
After an attack of onion maggot, rust, celery fly, cabbage maggots, 
and wurzcl fly, &c. (all of which are the larvse of Diptera), we shall 
find in the ground during the winter numberless small, oval, brown 
bodies known as “pupana,” each of which contains a pupa derived 
from one of the maggots We must not forget, however, that some 
of the larvra have not matured by the time the crop was lifted, 
and thus some are harvested with the crop, as we find in maggoty 
onions and rusty carrots ; or they may remam m the leaves, as in 
the case of celery-fly, or in the rotting stalks and roots, as in cabbage 
maggots Now, if these are left m and on the ground' and not 
destroyed, fresh generations appear next year, and should a similar 
crop be grown on or near the same land it stands a considerable 
risk of further attack. Again, m sawjly larvae attack on fruit-trees, 
at the end of the season the larvoe fall to the ground, bury them- 
selves a few inches beneath the bushes and trees, and formmg a 
case of silk and earth, likewise later pupate They often remain as 
larvoQ in the cocoon until the spring, and then pupate. A very 
large number of moths also are found in the pupal stage in the 
earth in the winter time At this tune of year one and all should 
be destroyed. Two methods seem to recommend themselves — one, 
turning over the laud so as to expose the pupse to the attack of 
birds, which greedily devour them ; another, by deep trenchmg the 
land so os to bury the insects. After a bad attack of currant saw- 
fly, we may remove the soil from beneath the currant and gooseberry 
bushes in winter and burn it m gardens or even small plantations. 

It must he remembered that frost has little or no injw'ious effect 
upon wisects in the egg or pupal state, or even upon most maggots — 
I have known chrysalids frozen as brittle as glass, and yet their 
vitality was unimpaired Frost, if anything, is beneficial to insect 
life, for the hard state of the ground protects the creatures from the 
attack of birds. Many insects hibernate iii the adult state, — such 
as the turnip -flea, apple -blossom weevil, earwigs, &c,— biking 
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tefugo m hedgerows, grassy headlands, rubbish -heaps, under dead 
bark, and so forth Hedges bordering fields and gardens, and all 
grassy patches, should be well cleaned lu the wmter, the material 
burnt, and all rubbish cleared off and similarly destroyed The 
dead leaves that collect in currant-bushes harbour the young larvcD 
of the currant moth (^Abraxas grossidariata\ and should therefore 
be cleaned out All pruniTigs of fruit-trees should he humt^ and not 
loft about m heaps as we often see them, for numberless ova of 
psyUa, aphis, lackey moth, and winter moth may be upon them , a 
cursory eicamination with a lens will soon show their preaenca 
Clean farming is the essential of insect prevention, and this especi- 
ally applies to fruit Examine in winter an old apple-tree covered 
with rough bark, moss, and lichens, and we may find numberless 
larvas of the codhng moth, Amencan-bhght insects, earwigs, weevils, 
&c , sheltering beneath Cleaning the bark in winter wiU do away 
with many destructive creatures Some mseot enemies are found 
beneath the fruit-tiees m the ground m wmter, but some destruc- 
tive species come into activity durmg the cold months of the year — 
namely, the winter rmihs These moths appear from October to 
Apnl, and lay their eggs upon the twigs and buds The females 
are wingless in some (March moth), nearly so in others (Winter 
moth), and ascend the tree-trunks to deiiosit their eggs . the males, 
however, may carry a few up to the tree in copuld Those crawLmg 
up the trunk are easily capWed by grease-handing This method 
has now been in vogue for some time Banding of another sort is 
useful in gardens and orchards — namely^ for codling-moth larvee. 
The best plan for this pest is to tie round the trunk, about a foot 
from the ground, a wisp of hay or sacking in May hero the larvro 
find a shelter in which to pupate, and can then be taken off with 
the socking or wisp m the winter and burnt 

Another insect which may be trapped is the did heetle^ the 
parent of the wireworm This is done by placing small masses of 
green stuff, lucerne or sainfoin, under a board m gardens from Apnl 
to July, when numbers of click beetles will be found sheltenng 
beneath dunng the daytime, and may then be destroyed with the 
ova they have laid below the lucerne Leather faekets may also be 
caught by placing large lumps of rotting tuif upon the ground where 
they are abundant 

Considerable damage is often done to frmt, peas, &c , m gardens 
by a group of beetles called Weevils {fjUT(^iQnid(B) Those beetles 
can always be told by their havmg a snout and elbowed antennas 
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{Me p 156) They are destructive both in the imago and larval 
stages, the adults devouring leafage and the larvoo rooteige of plants. 
Weevils are always extremely sensitive, and fall to the ground at 
the least shock, when they curl their legs in and feign death. The 
larvBB ore always curved, white, wrinkled, footless grubs, and gener- 
ally feed close to the surface during the winter montha Many 
weevils {Otiorhynchus) have no wings This genus contains such 
noxious species as the raspberry weevils {0 picipes and 0 Mcatibs) 
and the plum weevils {0 fuscipes and 0 teiiehncoms). They all hide 
away during daylight, coming out at night to feed. We can best 
catch these depredators by “jamng” the trees oier tarred socks or 
boards at mghts, when the weevils fall off and are caught in the 
tar beneath J omng may generally be employed for this group of 
beetles. Arsenical spraying also kills them Some other weevils 
{Bruclixdc^ attack seeds, living in the larval state in them, such as 
the pea weevil {Bmchm pi&i) All infested seed should either be 
steeped m carbohc water or fumigated with bisulphide of carbon 
for some hours, when all signs of insect life will be destroyed. 

Such are some of the many ways by which we con prevent insect 
attack. Cleanliness and the judicyious notation of orops will to a 
laige ext&nt leep them in check, whilst, where we can, sfuck animods 
ns pigs, fowls, gmnea-fowls, &c , may be employed on infested land 
after a bad attack, especially in orchards, where they wiU be seen 
greedily devouring all manner of grubs that come in their way 

Substances used for the destruction of insects, or imecticides, are 
now employed with great success , — Insectifuges are mixtures used 
for keeping insects off a crop — preventive washes or powders. 
Insecticides may be liqiud or dry To destroy insects by washes 
^or spray fluids wo must carry one thing in our mmd — namely, How 
do the insects to bo killed devour their food ? are they provided 
with a biting or a sucking mouths 

There are siv chief types of washes now m use— namely, (1) Afsem- 
cal loashes ; (2) Tobacco 09 nicotine washes ; (3) Paraffin emulsions ; 
(4) Sidphui lime washes; (5) Soft-soap and Quassia washes; (6) 
Caustio or mntcfr washes 

1 Ai senical washes are three in number — ^viz , Pans green, London 
purple, and Arsenate of lead. These poisonous washes are only of 
use for leaf-eating larvoe and beetles As to the lespectivo ments 
of each, ai senate of load stands prominently first, os it has a lesser 
tendency to bum the leafage, a feature which has too often attended 
the use of Parm green Ars&nate of lead is mixed in the following 
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manner dissolve 2 ounces of arsenate of soda (commercial) m a 
little water, then dissolve 7^ ounces of acotate of lead also m water 
Add the arsenate of soda to 10 gallons of water, and then after 
abimiig well add the dissolved acetate of lead and mix the whole 
well together It may also be obtained as a paste (Swift’s, Berger’s, 
Voss’, &c ) Spray i% early myrrmvg and late in the afternoon^ unless 
oil dull days. Neoe/t' spray when, the hlossoni is out^ os it Inlls the 
bees. Never ham the wash ahout^ as it is poisonous Three spray- 
ings slhovM he always employed — om just when the hnds begin to 
bursty the second jnst before the blossom opens^ and the third directly 
the blossom has fallen. By so doing several insect attacks are dealt 
with, such as Winter motli, Tortiix, and Codling moth 
2 Tobacco loaskes —Tobacco is one of the most potent insecticides 
It may either be used in the form of a wash or mixed with camphor 
and used as a fumigant under glass In many cases rag or paper 
stooped in tobacco-jiuce is used for burning in glass-houses to kill 
aphis, thrips, &c It is best used os niootma Nicotine wash is 


mode as follows . — 

Nicotine (90-98 per cent) . . 1 oz. 

Soft-soap . . . 2 oz. 

Water . 10 gallons 

Plain tobacco-leaf waste may also be used, oi home-grown tobacco, 
as follows — 

Tobacco waste . 2-3 lb. 

Soft-soap ... i-1 lb 

Water ... 10 gallons. 


Infuse the tobacco waste in watei*, and press ; then add a iiincb of 
soda, and add the whole to the dissolved soap and water. At 
present the only way tobacco wash can ho used commercially is 
to buy it from insecticide makers or to buy pure nicotine. 

3. Paraffin washes — Paraflin-oil or kerosene forms an excellent 
insecticide and msoctifugo, especially if it is used with soft-soap in 
the form of on emulsion, by which the paraffin is evenly distributed 
m the water This wash is useful for celery fly, marguerite fly, 
scale insects, plant-lice, i&o., but it does not have the same value as 
nicotine wash Paraffin emulsion may be prepared by mixing eqml 
proportions of boiling soft-soap solution and paraffin together, and 
thoroughly churning them until a thick creamy emulsion is formed 
This emulsion can bo kept and mixed with sixteen to thirty tunes 
its bulk of warm water when reqmrod for use Another method is 
to dissolve 1 quart of soft-soap in 2 quarts of boihng soft water. 
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Remove from the fire, and while still boiling hot add one pint of 
paraffin oil, and immediately chorn the mixture with a small hand 
syringe for five minutes. For use dilute with ten times its volume 
of water (Cousins) By far the best mixture is paraffin jelly, made 
as follows Paraffin, 6 gallons , soft-soap, 8 lb , water, 10 gallons 
Boil together in a closed copper, and when boiling add a few pints 
of cold water When all is dissolved, pour into a barrel or pails ; 
it then sohdifies to a jeUy Use 10 lb of jelly to 40 gallons of 
water Paraffin jelly is an excellent remedy for red-spider on frmt 
and for scale. Aphis and leaf hoppers are also killed, but less 
oaustic substances do os much good. 

4. Lime~8vZpkur washes — The two foUowmg formulm are the best 
for clearing trees m winter, for pear-leaf bhster mite and some 
coccidtB {AspidiotiiSy &o ) They do not kiU insect eggs, as some 
say, nor are lime-sulphur washes at summer strength of much value 
as insecticides For winter use only. 

(1) lAme-s^phur^soda wash — 


Lime . 

31b 

Sulphur 

31b 

Caustic soda . 

1 lb 

Soft-soap 

lib. 

Water . 

. 10 gallons 


Make the flowers of sulphur into a paste with water, and then thin 
and pour over the lime ; let this boil for a quarter of an hour, then 
stir and add the caustic soda , let this boil for some tune, and then 
add the dissolved soap and full complement of water 

(2) Lime-svlphur-sodorscdt \oash — 

Quicklime . 3-6 lb 

Sulphur . 3 lb. 

Salt . . 3 lb. 

Caustic soda . 1 lb 

Water . . . 10 gallons 

Mix soda and lime together, and slake with some hob water in 
which the sulphur has been incoi^orated, and then bring up to 
the full 10 gallons This is self-boiling 

(3) Lime-salt wash , — This is useful for cleaning frmt-trees of 
moss, lichen, &c , and at the same time undoubtedly checks the 
apple sucker and the leaf-ourling apple aphis and plum aphis 
Moreover, both ingredients*, as they get washed off, pass to the soil, 
and there do much good. It is made by slaking 1^ cwt. of the best 
white lime, and adding this, strained through sacking or a coarse 
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sieve, to 100 gallons of water m which 6 lb of salt has been 
dissolved. Use in March, putting on as thickly as possible 
6, Soft’ioajp and Qmssia wash forms a very useful cleansing wash 
for aphides Tt is made of 1 lb. of soft soap, 1 lb. of boiled quassia 
chips to 10 gallons of water The quassia should bo boiled separ- 
ately for two hours, with just sufficient water to keep it liquid 
The soft-soap should be also boiled, and then added to the strained 
extract of quassia ; after both have been weU mixed, they may bo 
added to the 10 gallons of warm water 
6 Caustno washes are used with great success in the wmter as 
agents for ridding the bark of trees of their vegetal incumbrances. 
The best wash is made by mixing 2 lb of caustic soda with 10 
gallons of water It must not be used until the sap la well down 
the tree. Trees washed with this soon present a clean healthy 
appearance, and can he told at once 
Furndgatiwi — This treatment is used for nursery stock and plants 
under glass For this purpose (1) Hydrocyauic acid gas is used, 
also (2) Tobacco, and (3) Pyrethrum The first is most useful for 
nursery stock and dormant plants — it kills all animal life 

Por every 100 cubic feet of space use J ounce of potassium cyanide, 
and for each ounce of the cyanide use one hquid ounce of sulphuric 
acid, mixed with 4 ounces of water The cyamdo is dropped by 
special apparatus mto the acid and water, and at once the deadly 
fumes arise. Plants are best treated lu a dull light, dry tem- 
perature, and at about 60° F , and should ho exposed to the fumes 
for at least an hour. The fumigating chamber or houses must not 
be entered until all the gas has escaped, and this should be allowed 
to do so from above If sodium cyanide is used, then a ounce is 
leqmred. One must remember that this gas is a deadly poison, and 
so it must be employed with extreme caution 
Sod Fvmigation — In kilhng insects under ground, bisulphide of 
carbon is employed It is injected into the soil by means of the 
Vermorel Injector at the rate of 4 ounces to the square yard, as 
many small injections as possible Being heavier than air, it sinks 
into the soil, and is fatal to insect life that it roaches It is also 
used for fumigatmg gram, &c , and must then be placed at the top 
of the gram Remember it and its gas are poisonous and highly 
inflammable — no hght, cigar, or hve electric wire must go neai* it 
Yarious soil fumigants, such as naphthalene, vaponte, fumito, and 
aptente, are used with success for most ground pests, as leather- 
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jackets, chafer larveo, surface larvae, and ants. The writer has found 
that none of these will, however, kill wireworms 

The effect of artificial manures on huect •pests is often most marked. 
Nitrate of soda and kainit are frequently of much service in destroy- 
ing surface grubs, whilst on the other hand supei’phoaphates have 
less effect Bone-meal and guanos encourage many msect pests 
Soot forms an excellent deterrent to many leaf-eating beetles and 
onion fly , dusting it over the seed leaves and broadcasting over beds 
of pickling onions is nearly always followed by cessation of attack 
in such insects as onion fly, especially if it is broadcasted when 
there is dew on the leaves at the same time it stimulates the plant 
to growth, and makes good the damage caused by the insects. 

Bry-spraying or dusting has recently come into prominence both 
in Britain and in America The writer has found that certain 
propnetary powders put on with proper dusters, such as the 
“ Mysto ” (French & Co , Birmingham), and by bellows, work in an 
easier and cheaper way than washes 

Infestation is often carried to gardens %n dwng and leaf mould : 
these should be examined, and if found to be very foul, should be 
mixed with gas-lime if possible, and not used until the lime has 
done its work, and so purified the manure, I have seen many 
gardens infested in this way Mould-heaps and peat-heaps should 
always have a dressing of lime on the top to keep off the daddy-long- 
legs, chck beetles, &o , that will lay their eggs there if they get the 
chance Lastly, o\ ery fanner and gardener should protect as far os 
he can the numerous insects that are beneficial, and the birds and 
ajnmals that help to keep down om’ too rapidly mcreasmg msect 
posts 

The enemies of insects include such groups of insects as lody-birds, 
lace-wing flies, hover flies, ichneumon flies, taohina flies, sand-wasps, 
carabidas or ground beetles, &o , described in previous chapters 

Besides insects, frogs, toads, and shrew-mice do much good in 
gardens, where they can be usefully employed ; and numerous birds 
are of the greatest benefit m checking insect depredations, notably 
the family of Tits or Pamdm^ and many of the migratory birds 
Even the thrush does good by destroying heaps of grubs, snails, 
and slugs, and so makes up for the loss it sometimes occasions 
amongst the fnut , and the rook and starling kill the wireworm in 
the fields which as yet we cannot do, and the plover takes no toll 
and does mfinite good 

2 L 



530 


APPENDIX IIL 


ORDEE OF THE BOARD OF AGEIGULTUEE 
AND FISHERIES. 

(Dated 3rd May 1910) 


D^ISTRUOTIVB INSECTS AND PESTS ORDER OF 1910 

Thb Board of Agricultiiro and Fiaberioa, by vu’tuo and in oxorciao 
of tbo powors veated in them under the DcstinictiMi Insects and 
Posts Acts, 1877 and 1907, do order, and it la hereby oi*doi*ed, as 
follows 

Notijlmtimi of Discovery of Lisect or Post, 

1. — (1) Tbo oooiipior of any pronnaos on which an insoot or pest 
moiitionod in the Sohodulo to this Order exists, shall forthwith 
notify the fact, with particulars of the time and place of discovery, 
to the officer appointed by the Local Authority to i-eceivo such 
notices, or if no such officer lias been appointed, to the Board , and, 
whore practicable, a specimen of the insect or pest shall accompany 
the notice. 

(2) An officer of a Local Authority who receives a notice under 
this Article shall forthwith report the fact to the Local Authority. 

(3) The Local Authonty on receiving in any manner notice of the 
existence or apparent existence of an insect or pest mentioned in 
the Schedule to this Order shall forthwith transmit the information 
to the Board, and take such steps as may be necessary to doteriuiuc 
to what extent the insect or pest exists. 

Poicers of Entry 

2. An Inspector or other officer appointed in that behalf by the 
Local Authority and any Inspector of the Board may, uiion pro 
diiction if so required of his appointment or authority, enter anj 
pi*Grmsos on which ho has reason to believe that an insect or pest 
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mentioned in the Schedule to this Order exists or has recently- 
existed, and examme any plant, fruit, crop, seeds, tubers, bulbs, 
layers or cuttings on such premises. 

Action to be taken by Local Authority 

3 — (1) Inspector or other officer of the Local Authority or of 
the Board, acting under their direction, may at any time and from 
time to time by a notice served on an occupier of premises on 
which an insect or pest mentioned in the Schedule hereto exists or 
recently has existed, require him to adopt such measures for pre- 
vention of the spread of the insect or pest as are specified in the 
notice 

(2) Where a Local Authority have consented to pay compensa- 
tion for such destruction, the notice under this Article may require 
the occupier of premises on which an insect or pest mentioned in 
the Schedule hereto exists or recently has existed, to destroy by 
burning or other effective method all or any of the plants, frmt or 
crops on the premises, and the Local Authonty shall pay compen- 
sation for such destruction subject and accordmg to the provisions 
in that behalf of the Destructive Insects and Pests Acts, 1877 
and 1907 

(3) A notice under this Article may prescribe the time within 
whidi the adoption of any measure thereby pi escribed shall be 
completed 

(4) An occupier may appeal to the Board against a notice served 
on him under this Article by an Inspector or other officer of the 
Local Authonty, and the Board may, after consultation with the 
Local Authority, cancel the notice or modify its requirements m 
such manner as tlie Board think fit. 

(6) Por the puposes of this Order a notice shall be deemed to be 
served on a person if it is dehvered to him personally or left for 
him at his last known place of abode or business or sent through 
the post in a letter addressed to him there, and a notice or other 
document purporting to be signed by an Inspector or other officer 
of a Local Authonty or of the Board shall be primfi. facie evidence 
that it was signed by him acting under the directions of the Local 
Authority or the Board as the cose may be. 

P&nalty on Bale or Use for Planting of Diseased Seeds^ <&c, 

4. Every person who shall knowingly use, or seU for use, for 
planting, any plant, seed, tuber, bulb, lajer or cuttmg attacked by 
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an insect or pest mentioned m the Schedule to this Older, or any 
seed, tuber, bulb, layer or cutting which has been derived from a 
plant so attacked and is capable of spreading the insect or pest, 
shall be liable on conviction to a penalty not exceedmg ten pounds 

. Prohibition of Sale of Speci^neTis 

6 It shall not be lawful, except with the written permission of 
the Board, to import, sell, or offer for sale a living siiocimen of any 
insect or pest mentioned in the Schedule to this Order, 

P&Miltiee 

6. Every person shall be hable on conviction to a penalty not 
exceedmg ten pounds, who — 

(1) knowingly fails to give such notification as is reqmred by 

Article 1 of this Order ; or 

(2) fails to adopt such measures for prevention of the spread of 

the disease as are specified in a notice served on him 

under this Order, or 

(3) Wilfully obstructs or impedes any Inspector or other officer 

when acting under this Order ; or 

(4) imports, sells or offers for sale an insect or pest in 

contravention of this Order 

Notification of Order 

7. This Order shall be pubhshed by the Local Authonty in 
accordance with any direction given by the Board 

Revocation of Order, 

8. The Destructive Insects and Pests Order of 1908 is hereby 

revoked „ ^ , 

Execution of the Order 

9 Each Local Authority shall carry into effect this Order within 
their Distnct, and shall appoint such Inspectors or other officers for 
that purpose as may be necessary. 

10 la thia Order- 

“ The Board ” means the Board of Agnculture and Eisheries , 

“Local Authority” means a local authority having power to 
execute and enforce the Diseases of Animals Act, 1894 ; and 
“District” means the area in which the Local Authority 
has such power to act 
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Affiliation of the Order 

11 This Order shall apply to Great Britain 

Short Title 

12 This Order may be cited as the Desthuotxvb Insects and 
Pests Order of 1910. 


© In witness whereof the Board of Agricidture and 
Fisheries have hereunto sot thoir Official Seal this 
thiixl day of May, nineteen hundred and ten 

T H Middleton, 

Asmtant Secretary, 


SCHEDULE 

Insects and Pests to which thu Order apflm 

The Yine Louse {Phylloscen a nastainx^ Planchon) 

The San Josd Scale {Asfidiotus femiciosus^ Comstock) 

The Mediterranean Fruit Fly {Geratitis cofitata^ Wiedemann). 
The Colorado Beetle {firnyfliora dec&inhneata, Say) 

The Large Larch Sawfly {N&matus erichsonii^ Hartig) 

The Potato Moth {Lita solanella^ Boisduval). 

The Gipsy Moth {Lifains {Ooneria) (iwpar, Linnd) 

The Brown Tail Moth {Ewproctvs chrysorrhosa, Linnd) 

The Nun Moth {Liparis monacha^ Linnd) 

The Cherry Fly {Rhagoletis cerasi^ Linnd) 

The Nai'cissus Fly {Merodon equestris, Fabricms) 

Black Knot {Plownglitia morhosa^ Soccardo) 

Wart Disease or Black Scab of Potatoes {Syoichitr%im enddbi- 
oticum^ Percival) 

Tomato Leaf Spot {Sefto^'ia lycopersnci^ Spegazzini) 

Melon or Cucumber Canker {IfycosphoBrella <ntrvllvm,^ Qrossen- 
bacher) 

American Pear Bhght (Micxococcfus omiyloxorus^ Burrell) 
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In 1914 an extension of this Order was made, the Japanese Fruit 
Scale {Diaspis j^tagona, Targioni-Tozzetti) being added to the 
above Schedule 

Of the above-scheduled insects the Large Larch Sawfly, Brown 
Tail Moth, Gipsy Moth, Nun Moth, and the Narcissus Fly are 
natives, the first and last being common, whilst the three moths 
occur now and again. The Vine Louse has occurred several times, 
and the Colorado Beetle once. Scale Insects are always hablo to be 
introdjaced, and as no one knows how an introduced species will 
behave, it is important that the appearance of such destructive 
forms as scheduled should be at once reported. 

F. V. T. 
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Sm&ric <md t^eoijic names, are in Italics, 


A-bdomen, of insect, 102; of hor^, 
S29 

Abdominal appendages of inseot, 104 
Abomasum, 473 
Abraxas grossrulcmata^ 214 
Acanthis ccmna>btnat 429 
II JUmrostris^ 420 
Acftnihohothrvwtfi^ 48 
Aoantbocepliala, 64 
AoandG^ 119 
Acarma, 97, 99, 116, 118 
AccipiUer msiis, 89d 
Aohorutea armatiiBj 300 
,1 rufescen^ 801 
A cidta heradei, 257 
Acordata, 16 
Aorania, 16 
Actinosoa. 15, 84 
Aonleata (hymenoptera), 176 
Adder, the, 878 
^dicnemidoB, 410 
uSIgerlidss, 201 
Agmolimaa: agresiis. 810 
Agriotes Iweatus, lo3 
Agrotia exdamatwn-ia^ 209 
ir aegetimj 209 
Air>8acs in buds, S84 
Akmda as^oreat 424 
II arcensiSt 424 
Alaudldce, 424 
Alcedoismda, 422 
Aleyrodi^, ^6 

AHmentaij canal, of insect, 105 ; of 
horse, 889 ; of bird, 382 
Allantois, the, 488 
Alternation of generations, 39, 68 


helrwum^ 127 
AmerlcanlSlighfc, 76, 621 
Ammonites, 306 
Amnion, the, 4l8 
II the false, 448 
Amaiba^ 18 

II coZi, 20 
, II hAstolyt’icai 20 
Amctbasa. 18 
AmpMbla, 864 

It development of, 866 
Amphvmu lanceoUxtus, 817, 819 
Anas boschas, 400 
II creoca, 400 
II veTtsZqpfl, 400 
Anati^, 40O 
Anchithennm, the, 476 
Andrena, 179 
Angnillnlldffi, 78 
Angvxa fragiLiSy 873 
Anxsojpteryx (Bsavdarut, 218 
Anophelinm, 28 
Anoplnr^ 289 
Anoura, 364, 865 
Anser albifvcnSy 898 

It brachyrhynchua, 808 
It breniat 898 
II feruSy 896 
II 897 

Ansenfoiines, 396 
Antenna, 101 ; use of, 148 
ArUhomyiaJloralis, 248 
11 radioumy 248 
Anthomyida, 246 
Anthmnnus jiomormiy 166 
Antbophila, 179 
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Anthus, 435, 4S6 
ATiiiapila^ 218 
Antlers, of deer, 486 
Ant-lions, 294 

Ants, 176 ; remedies foi, 177 
Aorta, S58 
Aplianiptera, 264 
AphelejichuSi 7« 

Apbidldffl, 271 
Aphu hrassicce^ 279 
tf prmi^ 279 

It rumACMi 2, J 

Apid®, 179 
Apiom apntmsy 160 
Apia dorsaia, 181 
II /aaoiata. 181 

II J^oraif 181 
It indtca, 181 

It meU^fica, 179 
It fsonaia, 181 

Appendages of head (insect), 102 
Appendioolaria (larva), 3l8 
AppenzeU oattl^492 
Appla-blossom Weevil, 166 
H Sawfly, 193 
If Sucker, 283 
Aptera, 300 

Aquila chrysaffiua, 393 , 

Arachnoid, the, 355 
Araohnolde^ 108, 114 
Aranelda, 07, 98, 99, 114, 116 
Arch, pectoral, of horse, 331 , of bird, 
881 , of mole, 608 

Arch, pelvic, of horse, 834; of bJid, 
382 

Aroheopteryx, 388 

Ardea cinsrea, 890 r, 

Ardes, 389 
Area opaoa, 446 
II pellaclda, 446 
II VBScnlosa, 46 J 
Ai eca nut, nae of, 516 
ArganitncSf 126 
Argaa, 24 

M parstctUj 120 

II T^ftaseua 126 

A rum ater, 310 

It AoT’fcnJU, 8 to 

A rmadilltdtwn vutyai is, 109 
Arsenate of lead, 526 
Arsenical washes, 525 , 

Artenes, 861 

Arthropods, 97, 100; groups of, 99, 
108 , characters of ^uups of, 103 
Artificial manures, effect on inaeucs, 
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Aililodactyla, 479 
Aivicula agieslta, 504 


Arvicola amphibia, 506 
II arvalis, 506 
II glareola, 606 
Arvicolid^ 604 
Ascaridse, w 
Ascarta limbricoidea, 86 
II meyeUocevhala, 86 

II sutlUij 86 

Ascidians, 817, 318 
Asia acmpilrinua, 420 
II otua, 420 
Asparagus beetle, 164 
A^tdioius eamellicB, 281 
II nent, 281 

II oatrea^onru 281 

II pernimoaiis, 2S0 

Ass, the domestic, 476 
Aster Worms, 93 
AthOus hamorrhaidalis, 163 
Atlas, of horse. 828 
Afyvua Sidzeri, 117 
Auditory pita, development of, 460 
Auroob, the, 492 

Aves, 3/6 , temperature of, ib , skele- 
ton and anatomy of, 377 , Bntibli, 
387 

Avooet, the, 412 
Axis, of horse, 328 
Axolotl, the, 364 


Bacon beetle, 167 
Biiilgor, the, 496 
JittlaniMia nucwi, ICO 
Bolanogiossus, 820 
Balmtidum colx, 82 

II minuUuitj 32 
Bauk Vole, 505 
Barn-Owl, tlio 419 
“ Boailero," 23 
Bats, 610 
Bdellidffi. 119 
Bean Aphis, 273 
Bean-seed Weevils, 161 
Bean Weevils, 167 
Boasts of prey, 493 
Bed-bug, 24, 286 
Bedeguar, 188 
Bee-louse, 264 
II moth, 215 

BeQa^l70 j mouth and sting of honey-, 

Beet-camon beetles, 167 
It eelworm, 83 
Beetles, 145 
Belemnites, 806 
Bell Animalcule, 81 
Bern cattle, 492 
B&mvda bienUi, 398 
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BiiiU} hortulanua, 232 
Blbionidea, 232 
B\lharsna crassa, 47 
It kcBmatoha^ 47 
Bimana, 471 
Btorhusa termvndlts, 187 
Bird-lice, 206 

Birds, 375, skeleton of 377, ana- 
tomy of, i6. ; British, 387 
Blsnlpoide of carbon, 528 
Bitterns, 389. 890 
Black Bee, 180 
Blackbird, the, 439 
Blackcap, the, 438 
Blaokcoo^ the, 403 
Block-fly, 266, 273 
Black Jack, 162 
Black Rat, 602 
Bladder, of horse, 347 
Bladder-wonns, 61 
BlartjiUidcBj 112 
BlanjuLus 2)itlcheUu3^ 112 
Blastoderm, the, 442, 446 
Blastodenzuc vesicle, the, 460 
Blastopore, the, 460 
BlcUia amencana^ 293 
II gerrmnuca^ 293 
II oneTUahs^ 99, 292 
Blattidce, 292 
Blinding Storm Fly, 238 
Blind-worm, 373 

Blood, corpuscles of 5 , circulation of, 
351 , sources of, 354 
Blue -little Fhes, 260 
Homhi, 179 
Bomhycina, 2C0 

Bones, formation of, 8; of horse’s 
skull, 329 , of limbs, 332 , pneu- 
matic, 879 , of bird’s skull, 380 , 
of wing, 382 , of ox’s skull, 492 ; ot 
bat’s wing, 610 
Book-hce, 296 
Boophilua annulatuSf 126 
Bo 9 btaon, 492 
II longifrotiSf 492 
II pnmigemus, 492 
Boiawrua atdla/ns^ 390 
BothriaQeplwlus^ 53 
BovldsB, 490 
Brachial plexus, 859 
Braconidffi, 186 

Brain, of arthropods, 98, of horse, 
866 , of pig, 480 
Brauia ccacay 264 
Breathing-pores of insect, 106 
Breeze-flies, 236 
Bnmps,” 286 
British Shorthorn, 492 


Bronchi, of horse, 844 
Brown Rat, 602 
Bruchidffl, 166, 161 
Brachus rufmanus, 161 
Brydbuii 121 

II nbis^ 118 

Budding, reproduction by, 5 
Biifa 367 

II vulgarts^ 367 
Bugs, 287 
Bullfinch, the, 428 
Bnnodonta. 480 
Buntings, 433 
Burymg-beetlea, 146, 167 
Bv>teo tagopm^ 394 
II vulgwria, 304 
Butterflies, 198 
Buzzards, British, 394 
Bytv/ma tomenioaua^ 169 

Cabbage Flea, 152 
II -root flies, 247 
Cacda^rufaj 403 
Ouddis-flies, 298 

Osecum, of horse, 340 , of pig, 480 , of , 
ox, 486 

Calandra gramana^ 160 
II oryzcB^ 100 

Calathua cysieloidea^ 171 
Qalepteryx^ 300 
iJaMphmaj 260 
CcdocoTufvlvmiiaouleUxtay 287 
Calomel, use of, 616 
Canidaa. 498 
Cama d%ngo^ 499 
11 fanvUiana, 498 
ti lupuSi 499 
II 498 

** Canker’’ m pigeons, 26 
CwiUhcmda^ 146 
Capercaillie, the, 404 
Capra cagagrua. 488 
II hwC/tta^ 4^ 

Oa.prvnivlgua ewoiKEiiSj 421 
Capaidoat 289 
Carabidffi, 146, 170 
CardbuLB nmorahaj 170 
It molaceiiat 170 
Carbon disnlpbide, 628 
Cardiac muscle, 0 
Ca^duelxa eleganSf 433 
Oormvora, 493 
Carpocapaa pomoifiellay 210 
CarpooapsidfiB, 216 
Carpus, of horse, 332; of ox, 492 
Carrot-fly, 266 

Cartilage, 7 i 

Caidbirndm, pyraairij 239, 240 
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CaterpUlar, 140 , 

Oats, 409 

Cattle, 492 , Ohillugliain, td ; ongm 
of domestic, tb , races of, id, 
Caostio washes, 5^ 

CaTloomla, 487 
Cmdowyui hrassicas^ 2Sl 
II deainictoTi 227 
Cecidomyids, 226 
Celery-fly, 267 

Cell, structure of the, 3 , division of 
the, 4 

Centipedes, 113 

Cephalopoda, 304, 800 ; fossil forms, 
ib. 

C^hem/myia. i 244 

C^hus wgmoBus^ 196 

OeToio^^yUus/aaciatuSf 260 
Cercm^ orenam, 186 
Ckrc&monaa vntestvnalis^ 22 
Cerehellnm, 357 
Cerebrum, 867 
Cervical p ezus, 869 
Cervidee, 486 
Oertma capreblu8j 486 
ti damat 486 
II daphus, 486 

Oestoda, 89, 47 , development of, 50 
Cetacea, 471 

Cendorhyj^chAis ammUiSf 154 
II aulotcoUis^ 160 
Chffitopoda, 90 
Chaffiuoh, the, 480 
OhaZoididca^ 186 
Chaldd FHes, 186 
Charadrliformes, 410 
Che^TTuUcbui hruTnata^ 212 
Ohehdon v/rhica, 434 
Ohelonia, 872 
Ohermes, 278 
Cherry SawJ^, 191 

ti -tree Ouebearer, 220 
Ohiffbhaff', the, 488 
Chilognal^, 111 
Ohilopoda, 111 
Ohiroptera, 600 
Chlorophyll, 11 
OhloroptaaSf 261 
CMorops icmiqpiaj 261 
Chordata, 15 

Chorion, the, 408 , false, 406 , frond- 
OBUID, 460 

Qhry8omdid(Bf 146, 162 
Chrystm'tJbns spxnuSj 432 
Chryaopa catcvUena. 238 
Chyle, 361 
Cicadas, 269 
OicindelidsB, 146, 146 


Oicoma, 389, 390 
Oiconiiiormes, 389 
OiliaU, 81 
CiineXf 24 

II lectidaHus, 24, 287 
Cimloidsa 271 
Circus, 894 

Olassifloatlou, of animals, 12 , of 
chordata, 817 , of craiiiota, 861 
Olavicoinia, 1^ 

Olay-coloured Weevil, 168 
Oleorwmg Moths, 201 
dick- beetles, 162 
Cloaca, 383 
Clouded Yellow, 198 
Olover-siokiiess, 81 
II Weevil, 160 
“Clubbing,’' 20 
OocoidSB, 279 
OoccidudsB, 26 

Coooidioaia, 26 ; in poultry, 27 
Coccidivm ov^ormef 26 
CocomellidcBf 146 
OooGinellahi-piMiolata, 146 
II deceTn-pundata, 147 

II oceUata, 147 

If aeptenhjJWictata, 147 

Oockohafersi 166 

Cockroaoh, anatomy of, 100 , internal 
Btructure of, 104 
Cockroaches, 99 
Codling Moth, 216 
Cmlenterata, 84 
CoBliniua ntgeTf 252 
ComimUf 54 

II cerebralia, 54 

Coleophora anaitpenellaf 220 
UoIeophorldSB, 220 
Coleoptera, 145 
Cohaa eduaa, 196 
CoUemboIa, 800 

Colon, of insect, 106, of mammal, 
340 

Vohmba (maa^ 416 
II Ivna^ 417 
It yidmnbua, 416 
Colnmbiformes, 416 
Colymbiformes, 888 
Comma Butterfly, 198 
Common Lizard, 873 
11 Newt, 868 
II Shre^v, 609 
II Wasp, 177 
Complete metamorphosis, 143 
Oouneotive tissue, 7 
OfmorhvMis TnegiatuSi 24 
Coot, the, 410 
Coraoue, 422 



INDEX, 


539 


Coraouformefl, 419 
OordyoepB entomorhiza, 204 
Corn Aphis, 279 
II -bnntiDff, the, 433 
Corncrake, the, 410 
Com Ground-beetle, 171 
II Moth, 223 
,1 Sawfly, 196 
II Weevil, 161 
Oonmella IcBvta, 878 
Corvid©, 424 
CorviLs coraXj 424 
II comiXj 424 
II ooronot 426 
fi fmgtUgus, 426 
II monediUa, 427 
Coiile npana, 484 
Cotyledonary plaoenta, 467 
Orabs, 09 
Crambidffi, 216. 

Orane-flieu, 238 

Oiamal-nerveB, 868 

Craniota, 16 

Cranium, of horse, 865 

Orawfiflh, 110 

Crayfish, 110 

Creeping Disease, 246 

Oreodonta, 498 

Crex praiensid, 410 

Cnocerts euparafft, 164 

Crop, of insect, 106 , of birds, 882 

Crow, the, 426 

Crucifer Midge, 281 

Orustaoea, 99 

O^ejioaepAalw oaniSj 266 

II 266 

CtenopsyUa mnscmi^ 266 
Cuckoo, the, 418 
Ouculifonnes, 418 
CuauLua comoruat 418 
Oulicid©, 20 
Curculiomd©, 146, 165 
Curlew, the. 412 
Currant Aphis, 279 
II -borer, 2ill 
11 Olearwing Moth, 201 

II Gall-mite, 184 

II Moth, 214 
II Sawfly, 190 
Cuttle 6sh, 806 
Oyiinide of potassium, 628 
Ot/gnua olor, 899 
CynipJd©, 186, 187 
Clyn'&B koUan, ^ 88 
Oypnan Bee, 180 
Cypaelua apua. 421 
Cgaticercua, 62 

II bovi3t 62 


Ogaticeroiia cdlulosm, 66 

II pisctfor7iii8f 61 

Cyatojlagellataf 21 
Cysts, 62 
C>topyge, 31 
Cytoatome, 81 

Dabchiok, the. 388 
Dactylopius aitn, 281 

II longiaptniiaj 281 

Daddy-long legs, 233 
Dart Moth, 209 
Daiihaa 440 

haQudAhd r^flexa, 466 
II aarotviui, 466 
It wm, 466 
Deciduate placenta, 465 
Deer, 486 , Eed, 486 ; Boebuck, id ; 

Fallow, 487 
Demodecid©. 188 
DemodexfoUxffuiorum. 138 
Dermmyaaua awww, 122 
Dffmaptera^ 291 
Derma^odia cy(m%ventr%at 288 
Darmeatea Iwrdcmua^ 167 
Dermeatid©, 167 
Dennis, the, 387 

Destructive insects and pests order of 
1910, 680 

Devil's Coach-horse Beetle, 172 
Dew-claws, of pig, 480 
Diamond-back Moth, 218 
Diaphragm, the, 889 
DidelphSi, 470, 472 
Diffuse plaoenta, 467 
Ihgmea, 41 

Digestive organs, of insect, 106 ; of 
horse, 889 , of bird, 382 
Diggmg Wasps, 180 
JDilophuafebnL%a, 282 
Dinoflagellata, 21 
Diploptera, 176 
Diploaxa pynvora. 280 

It trUio/b^ 228, 230 

Diptera, 144, W 
DiscoidM plaoenta, 465 
Diseased seeds, penalty for. use of, 
681 

Distomata, 41 
Diatomim hepaticvm, 42 
It lanoeolatunij 42 

II 46 

II jmmonalet 46 
Diurni, 197 
Divers, 388 

Dog, the domestio, 498, Australian, 
499 ; New Zealand, td 
Dogs, 498 
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Domestic fowls, probable ongin of, 
405 

Dotterel, tbe, 411 
Donrine, 22, 23 
Dragon-fliea, 299 
Drassidse, 117 
Dnck-bill, the, 470 
Ducks, 895, 400 , wilii species, 400 , 
origin of domestic, 401 
Dura-mater, 855 

Eagle, golden, 398, wblte-tailLd, ^5 
Ear-cockles, 80 

Earthworms, 90 , life-history of, 91 
Earw^, 291 
East Coast fever, 25, 28 
Echidna, the, 470 
Eohinocooons, 58 
MchMiOGOCcmpoly^noTphus^ 58 
ti vetennorum^ 68 
Echmodermata, 35 
Edentata, 471 
Eelworms, 78 

Egg. of frog, 866 ; of amphibia, (b , 
01 reptilia, 871 ; of fowl, 441 , ongin 
and formation of, 443 , fertilu.atiou 
of, 444 , segmentation of, 445 , of 
mammal, 459 
Elastic tissue, 7 
Elatendffi, 146, 162 
Elm Leaf Aphis, 278 
Emberizinffi, 42s 

Embryoli^ of chick, 441 ; changes 
during nret day, 448 , during second 
day, 449 , during third day, 451 , 
during fourth day, 458 , dnrmghlth 
day, 464 , during sixth and seventh 
days, 465; from eighth day onwards, 
46., of mammals, 469 
Embryonic sac, 446 
EnchytroBuiaRf 93 
Endogenous cell-formation, 5 
JShitaTMebai 20 
Eobippos, 476 
Bpeiridse, 117 
^hameridiie, 296 
aphestui k^umella^ 228 
^iglottis, 346 
Epuadirui^ I4S 
Epithelium, 6 
Eproboscidea, 262 

JCcjuidffl, 474 , living and extinct tabii- 

B^usasvnus^ 475 
II cdbaUZys^ 475 
II heiMontia 475 
II onagar^ 476 
ti tCBraoj^, 475 


Ergot, the, of horse, 336 
Erinaccidfe, 609 
Ervnaceus eui oposns^ 509 
jEnocampa limacina, 191 
MrvQphyid<Bf 134 
Erwphyea pyn, 136 
ti nbhs, 134 
JSiutcanUma interrupt'iis^ 286 
Eudroimas fnonnelUuti 411 
Euplexaptera, 291 
Euthena, 470 
Euthnpapyn^ 268 

Eyes, of insects, 101, of mollusca, 301, 
development of, m birds, 442, 443 

Falconidea, 890 
Falconiformes, 390 
FaZco oBaalon^ 392 
II peregnmis^ 892 
II auhbuteo^ 392 
II iinnwriculuSj 391 
False-oaterplllors, 140, 186 
(I chorion, 465 
FasGioila hepaiica, 41 
Feathers, of bird, 376 , duvelopmont 
of, 456 

Feelers, of insect, 101 ; use of, 143 
Fblidffl, 499 
Fd%s catus^ 500 
II immcidatay 500 
Ferret, the, 494 
FetlooK, of liorse, 336 
Fever Fly, 232 
h leidfare, tbe, 440 
Field-Vole, 604 
Jfilanatmmitis 88 

II oculiSf 86 

II papHloaa, 87 
Filaridffl, 87 
Finches, 428 
Finger-and-toe, 20 
Flan, 862 , respiration of, 363 
Fissipedia, 498 
FJagellata, 21, 31 
Flat-worms, 89, 40 

“Max-seed" stage of Hessian Fly, 
228 

Flea, of hen, 265 , of dog, 266 
Flea-beetles, 149 
Pleaa, 264 

II and plague, 266 
Flukes, 40 

Foetal membranes of mammals, 469 
Foot, of horse, 334, 473, 476 ; of pig, 
47^; of ox, 492 » b, 

Poraminifero, 16 
Pore-limb of horse, 832 
Forest-flies, 262 
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Forficvla awricMlana, 292 
For^culid®, 291 
Formica, 176 

II riifa, 177 
PoTiuioideB, 176 
FoBBoria, 175, 186 

Fowl, skeleton of, 377 ; anatomy of, 
382 , origin of doniestio, 405 , Red 
Jungle, 406 , Ceylon, tb , Fork- 
tailed, ib ; Sonnerat's, , egg of, 
441 

Fowl-fly, 284 

Fowl Spiroohffltes, 24 

Foxes, 408 

Free colla, 6 

Fresh- wai 61 mussel, 305 

FringiUidffl, 428 

Fnt-fly.262 

Frogs, 864 

Frost, effect of, on inseots, 623 
Fidica at'ia, 410 

Fumigation, for husk, 619 , lor gapes, 
74,519 , for insects, 628 


Gad-flies, 236 
Qaleiiidfc, 216 
Gall-llies, 187 



Gtellmffi, 401 . domesticated, 406 
Gallvnilla dim its, 409 
Gambia fever, 23 
Gamasidte, 119, 122 
Gape-worm, 74 
Gapes m poultry, 74 
Garden Chafer, 166 
H Snail, 812 
It Bwift-moth, 2‘^2 
Qai inthis glanduQ'ius, 427 
Gasteropoda, 806 
Gash ojj/iilus equi, 243 

I, hosmor) hold alls, 244 

It nasahs, 244 

Qecinits viridis, 422 
00680,396, Grey-lag, Bean-, 897, 
Brent, 898, doiuostic, ib , origin 
of domestic, ib , Pink-footcd, li. ; 
White- fronted, 

Genital organa, of horse, 347 ; of 
mare, 349 , of bird, 384 
Goometnno, 211 
Geophihdoi, 118 
QeojthiLus Imigicomis, 11 3 
It sitJbtffn aneus, 113 
Germinal disc, 444 
II vesiclo, 444 
Ghost-moth, 203, 204 
Giant Hone^ -bee of Indio, 181 


Giant Sirex, 196 
Old, in sheep, 54 

Gizzard, of lubects, 105 ; of hirds, 
383 

Qlobxg&nna, 16 
Glochidium larva, 304 
(HvTnendos, 112 
Glom&ns, 112 
Glossina, 24 
Glottis, the, 345 
Goat Moth, 197 
Goat-suckei, the, 421 
Goats, 488 , doineslic ib. 

Golden Plover, the, 411 
Goldflnoh, the, 432 
Qoniocoies, 296 
OoniodeB, 296 
Gooseberry Sawfly, 190 
Gout-fly, 251 
Gi'aodana, 218 
(/rapholtiha pisana, 217 
Glass Moths, 215 
II Snake, 373 
Gray’s Banded Newt, 369 
Grease-handing, 213, 524 
Great Crested Newt, 368 
Grebes, 388 
Greenfinch, the, 432 
Green-bottle Flies, 260 
II Lizard, 873 
Gregarinoidea, 24 
Grey Field-slug, 310 
Giound Beptles, 170 
Grouse, 403 
Grub, 141 
Groliormes, 409 
OryUotalpa mlgans. 204 
Guinea-fowl, 4U8, the domestic, ib ; 

probable origin of, 

Gulls, 413 
Gypsy Moth, 206 

ScmaphysdUis, 127 
Jlomospondxa, 26, 28 
IJoBmatopodaplumaiis, 286 
Jlomorimusoontorius, 69 
MoBTnQjfris sanguisuga, 94 
Jlahadlus alhcxUa, 893 
Jlcdictits, 179 
Haliotxs, 807 
Nalticldea, 149 
Hare, the, 606 
Harpalua rvjiuyniis, 171 
Hamers, 894 
Harvest Bug, 122 
Hanstellata, 144 
Hawks, 390 
Hawk Moths, 200 



542 


INDEX 


Hoart, of insect, 104, of horse, 861, of 
Ush, 363, of reptile, 871 , of bird, 
8S4 ; development of, 460 
Heart-and-Dart Moth, ^9 
Hedgehogs, 509 
Helioidffl, 307, 309, 312 
Heiuia 812 

II caperaia^ 312 
n neTnoralis. 312 
II wrgata, 8l2 
Heliozoa, 17 
HelophondsB, 148 
Hemeroblidee, 297 
Hemlptera, 144, 269 

,1 -heteroptera, 270, 287 

II -homoptera, 270, 271 

Hen-flea, 265 

Hepato-portal system, 364 
JSTcfnoZtu humuliy 208, 204 

II lupidiTiuBf 202 

Heron, the, 390 
Hessian Fly, the, 227 
Jleterakis, 618 
Jl6lero€eraf 200 
Heterodemf 79 

It radicMola, 84 

II sohaohiiif 83 

Heterogyna, 176 
Hetercrtiicha, 32 
Haxapoda, 188 
Hipparion, the, 476 
Hlppidion, the, 476 
Szppobosca eipiinaf 263 
II maoulcUa, 264 

n 264 

Himdinea, 93 
JJirundo rusitoa, 484 
Histolysis, 98, 142 
Hobby, the, 892 
Hook, of horse, 336 
Holland cattle, 492 
Holoblastio segmentation, 460 
Holotncha, 32 
Honey-bee, 179 
Hoofed animals, 471-478 
Hoose, 68 
Hop Aphis, 274 
,1 Flea, 161 
II Frog fly, 286 
Hoplocampa fulmcomis, 196 
II testudineaf 198 
Hornet, 178 

Horns, of artiodaotyla, 479 ; of ante- 
lopes, 488 ; of sheep, ib» ; of oxen, 

Horse, skeleton of, 825 , foot of, 334 , 
internal anatomy of, SS7 ; domestic 
yarleties of, 474 , extinct species of, 


475 , descent of, 476 , the age of, 
told by teeth, 477 
Horse-bot, 243 
II -fly, 236 
II liMch, 94 
II -Shoe !^t, 512 
House-fly, 269 
Hover-flies, 230 
Humble-hees, 179 
B limns and earthworms, 93 
Husk, 68 

Byalopterii^ prmx^ 278 
liyhemia d^ohana, 212 
Hydatid plague, 68 
Hydrocyanic acid ga**, 628 
IJygromyia rvfescens^ 812 
Hylemyia coarotatay 248 
Hyraenoptera, 178 
HyuMTKypt&ra cLcvleata^ 175 
I, parasikicii, 175 

„ tubiLl\f€raf 176 

„ peholvoe^itresj 176 

,1 aiasdAVtntireaj 175, 189 

Hypoblast, 446 
Jlypodenm homa, 240 
II diana, 244 

II lineaia, 240 

HypoMoha, 32 
Hyrocoidea, 471 
Hyracotherium, the, 476 
HystnchopayUa tcdpcSf 265 

IcerynpuTchaBi, 148 
Ichneumon flies, 186 
JchnernionidcB, 186 
Ichthyopsida, 362 
Incomplete metamorphosis, 148 
In(mrmrvi capfddLa^ ^22 
InfliBoiia, 17, 81 

lusect pests, prevention and destruc- 
tion of, 620 
Insectioiaes, 625 
lusectiYora, 507 

Insect or pest, notlfloation of discov- 
ery of, 630 , to which order applies, 
533 

Insects, 138 ; enemies of, 629 
Intestines, of horse, 840; of birds, 
383, of pig, 480 
Inah rat, the, 502 
Isle of Wight hee disease, 82 
laopoda, 109 
Ixodes ncinus, 127 
Ixodidss, 123 
ixodinn, 126 

Jackdaw, the, 424, 427 
Jamng, for inaeots, 526 
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Jay, the, 427 
Jelly-flah, 84 

Joiuted limbed ammalB, 97 
Julldfle, 112 

J%du8 L(md%nm8i8 , 112 

II 112 

Jungle Fowl, lied, 406; Soiinerat’s, 
ib » ; of Oeylon, i&. ; Javan, 407 

Kamala, use of, 616 
Kangaroos, 478 
Karyokmesls, 4 
Kedi, the, 262 
Kerosene oil, 626 
Kestrel, the, 891 
Kiang, the, 476 

Kidneys, of horse, 346 ; of bird, 884 , 
of oz, 492 

Kingfisher, the, 422 
Knee, of horse, 888 
Knot Root Disease, 84 

Ldbia nttTior, 292 
Lac&rla. agxlis^ 378 
II vxTidxs, 878 
II vxmiparaf 878 
Lacertllia, 8/2 
Lace-wing files, 297 
Lackey Moth, 20^ 206 
Lacteal system, 364 
Lady-birds, 146 
Liamellibranoblata, 804, 805 
Lainellioomia, 146, 166 
Lamwonia rubxellat 221 
Landrail, the, 410 
Laniidfie, 436 
La7iitt8 coUunOy 486 
ti exouhitQT. 487 
II mtTior, 437 
II pomeramLa^ 487 
Lapwing, the, 411 

Large intestine, of horse, 340 , of pig, 
480 , of ox, 484 

Large Tortoiseshell Butterfly, 198 
Lark, the, 424 
Lomia argentatuSf 418 
II carniSf 418 
II ndibundWf 418 
Larynx, the, of horse, 344 
Ijeaf Hoppers, 271 
Leather-jackets, 238, 284 
Lecanvumpersicco v riha, 282 
Leeches, 98 .life-history of, 94 , medi- 
cal, 05 , Horse, ih 
Lepidoptera, 144, 197 
Lepisma aacchaAna^ 301 
Leporidfl 0 j 502, 606 
Lepiua 122 


Lepua canxculua, 506 
II ixmidua, 506 
Libellulidse, 300 
Lice, 289, 205 
Ligurian Bee, 180 
Limacidffi, 807 
Iatmix agreslia^ 810 
II moarmus, SIO 
Limbs, ™wth of, in chick, 4f 
Lime-salt wash, 527 
II -sulphur wash, 627 
LimufflidsB, 808 
Lmnoaua, 43, 308 
II hum%lA8f 809 

II pereger. 48, 808 

II irancmaixtaj 43, 808 

II VKUoTi 48, 300 

Limiephxli^JlamGOTms^ 208 
Lmgnatulldee, 186 
Linnet, the, 429 
Lipana 205 

Lxp&wrua^ ^6 
LxasQtrUon UmvuUuat 863 
lAtholnidaa, 118 
LitKobxua, 114 
JUUioooUetxa. 218 
Little Owt 421 
Little Shrew, 509 

Liver, of horse, 841 ; development of, 
in fowl, 462 

Liver-fluke, 42 ; life history of, %b , ; 

effects of, on liver, 46 
Liver-rot in rabbits, 26 , in sheep, 42 
Lizards, 872 
Lohosa nuda, 18 

Local authority, action to be taken by, 
581 

LolxgOf 806 
London Purple, 626 
Long-eared Bat, 612 
II II Owl, 419 
Loopers, 200 
Ln^vMia palmaiu8f 869 
LiLCiha^ 2o0 
iMmbrxoua terraatna^ 91 
Lung-flukes, 46 
II -worms, of sheep, 68 
Lungs, of horse, 843 , development 
of, 462 , of ruminants, 486 
iMtra vulgana^ 496 
Lygieldee. 271 
Lymph, 861 

Macroohires, 421 
Maggots, 140 
Magpie, the, 427 
M Moth, 214 
Malaiia, cause of, 26 30 
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Mai d« OaderaR, 22, 28 
Male ahield-fern, use of, 516 
Maligiutnt jaundice, 25 
Mallophaga, 295 

Mammalia, 468, 470 , development 
of, 469 , foetal membranes of, 462 , 
British species of, 470, claasilica- 
tion of, lo. 

Mammarv glands, 362 , of pig, 480 

Maudibiuata, 144 

Mange, 133 

Mangold Fly, 249 

Manyplies, 483 

Mar^ Moth, 218 

Marsnpialia, 472 

Marten, the, 494 

Ma/rtes sylvaitca. 494 

Martins, the, 433, 434 

Maatigophora, 1 7, 21 

Maw-worm, 87 


May-flies, 296 
Mealy Bugs, 279 
Mealy Plum Aphis, 278 
Measles, in pork, 66 
Medical leech, 96 
Mediterranean Flour Moth, 223 


Medulla oblongata, 35ii 
Medullary groove, 449 
MeUagna americaruij 407 
„ m£seicana, 407 


oceUdtat 407 


JfcZflS tow, 496 
Mdigethes osTkeus, 164 
M'elolon^hllv\dgaT^8^ 105 
Melolonthldee, 166 
MdophcLga^ 223 
Mdojphagus (mnWf 262 
Membrana granulosa, 469 


Menoporij 296 
Menstruation, 349 


Merlin, the, 392 
Meroblastic segmentation, 460 
Mesenteric gland of pig, 480 


Mesentery, 343 
Mesoblast. 445 
Mesoblastio somites, 449 


Mesohlppos, the, 476 
Meta-dlacoioal placenta, 466 
MetaniorphosiH »>f insects, 148 
MetaiJieria, 470 
Metazoa, 18 
Mice, 602, 608 
MwrogasteT glom&rabtft, 187 
Mlcrolepidoptom 215 
MiGTOtpordm, 

Millepedes, 111 
Miners' dist-ane, 36 
Miohippos, the, 476 


Missel Thrush, the, 440 
Mites, 118 
Mole, the, 607 
It -cricket, 294 

MoUusca, 302 , reproduction in, 303 ; 

groups of, 804 ; injurious, SOS 
Monad%deaf 22 
Momma, expansa^ 62 
“Monkey-peoa.” 109 
Monodelphia, 471 
Mtmogeneai 41 
Monotremata, 471 
Moorhen, the, 409 
Mosquitoes, 223 
Moss, on fruit trees, 624 
Motacdlcb oto, 436 
„ fava. 436 

,1 lugutyru^ 435 

„ imwfwpe^ 435 

„ mv^ 436 

Moths, 197 

Mottled Umber Moth, 218 
Mountain Bull, 492 
„ Twite, 429 

Mouse, Long-tailed Field, 603 ; Har 
vest, ih ; common, 601 
Mouth, of insects, 139 
Mua Alexandnnvs^ 602 
II dacumanus^ 602 
II h%beriLvm^ 602 
II messontts^ 603 
It muscidALa^ 604 

II raUnSf 602 

II sylvatwus^ 503 
Muaca dov^a8t^ca^ 269 
M MOtekBj 259 
Muscular tissue, 8 
Mussel-scales, 270 
Mustard Beetle, tlic, 152 
Mustard Blossom Beetle, 163 
Mustolidm, 493 
Muitl/a, 174 
MygoUdm, ]17 
Myilapoda, 111 
Mycotozoa, 17 
Myrvmai 176 
Mytila.8pu pmmvxmf 281 
Myzoatomanttf 40 

Nagana, 22 
Nautilus, lliP, 306 
Necrophaga, lo7 
Mecrop?iagi, 1 l.’i 
Needle-nosed Hop h g, 287 
Noinathelminthes, 37, 63 
Nematodo, 64; dovelopuioiit of, 66, 
groups of, 68 
M&jnatopkora^ 39 
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A^e7?ia^u0 ribm%i 190 
Nemertinea, 89 
Neospondia, 32 
Nephcfula. 218 

Nerve cord, of worms, 87 , of Insects, 
108 , of hor^e, 365 
Nerves, cranial, 856 , spinal, S’iO 
Nervous system, of insect, 108; of 
mollusoo, 304 , of horse, 368 , sym- 
pathetic, 360 
Nervous tissue, 9 
Nettle-head, in hops, 84 
Neural canal, 449 
Neuroplero, 144, 294 
Newt, the Common, 868 ; Great-Crest- 
ed, lb 

Nicotine, 626 
'‘Nigger,” the, 147 
Nigh^gale, the, 440 
Nightjar, the, 421 
i^ithd'ulvdm.Wd 
Noctuce, 208, 209 
Noctule, the, 612 
jVoOTOiia, 179 

Non-deoldu ate placenta, 466 
N on-mminants, 480 
Noama a/pu, 32 
II hofafibyaia, 82 
Notochord, 317, 318, 819, 447 
Notodontidm, 208 
Nubian Ca^ 600 
NvmiAaf 408 , wild forms of, ib 
Nut Weevil, 160 

Oak-apples, 188 
Occidental horses, n^e of, 476 
Ocypua olens, 172 
Odonata, 299 
Odontoid process, 828 
Odontophore of mollusc, 304 
Odontormthes, 386 
OdyneruSj 178 
CEstndm, 240 
(Estrus oviH^ 241, 242 
Olfgochoeta. 91 
Omasum, tlie, 483 
Onma.tot'i'ilon mtttUua^ 369 
Onager, the, 476 
Onion FJy, 246 
Onlficidro, 109 
Onistnis aselLus, 109 
Operculum, of mollusc, 807, of 
863 

Ophidia, 372 
Opossums, 472 

Optic vesicles, formation of, 460 
Orgyta arUi^iiia, 204 
Onbata orhtoiUanSf 133 


OnbcLta lapidfii la, 134 
Onbatides, 1J3 
Oriental horses, race of, 475 
Omithodelphia, 471 
Orntihodorus moubata, 127 
Omithomya avuculana^ 264 
Omithorhynchm 471 

Orohippoa, the, 476 
Oi-thopteia, 144 
Oitfioiylus margindLis, 289 
Oacvni^j 252 
Oaammjnt, 252 
OsUrtagia oatertagif 70 
Osseous tissue, 7 
Otiorhynchuajitacipea, 169 
II pwipeSf 158 
II suLcatuSt 169 
Otlorhynchuft Weevils, 168 
Otter, the, 496 

Ova, of bird, 884 , of mammal, 469 
Ovaries, of insects, lo7, of mare, 
349 

Ovidsa, 488 
OviSy 488 

Owls, 419 ; Bam, i6. , Tawny, 420 ; 

Long- aud Short-eared, 

Oxen, 490 
Oxyurea, 87 
Oxyv/na cwrmda^ 87 
II imatiyodeaj 87 
II -permictttorM, 87 
Oyster-shell Bark Louse, 281 

Paf^yrwja, macfuloSa, 236 
Palffiothenum, the 476 
Palmate Newt, 369 
Palisode-worms^ 08 
Pampkdv^ jiamventria, 196 
Pancreas, of horse, 841 , development 
of, in fowl, 462 
Panniculns adiposns, 337 
PauorpidBB, 296 
Paraffin emulsion. 626 
n jelly, 627 

ParaTncBciumf 18 
Parasitic gastritis, 69 
Paridre, 437 
Paris gi^n, 626 

Partridge, the common, 403 , French, 

i2>. 

Pwrua casintleua, 487 
1 , It major i 437 
Paaaer domeaticw, 431 
II montanua, 431 
Passeriformes, 423 
Patngiura, of Bat, 610 
Pav/rivnia noctiin>^ 198 
Pavo cnatatuaf 409 

2 M 
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Paw imEtUma, 409 
II nignpenma^ 409 
Peacock Butterfly, 108 
Pea-fowl, the Indian, 409; theJavau, 
ib 

Pea-moth, the, 217 
Pea Wee^, 167 
Pear-leaf Blister Mite, 186 
Pear Midge, 230 
II SawSy, 191 

Pectoral arch, of horse, 8S1 ; of bird, 
881 

PedioulidaB, 280 
Ptgomyya. ^lop, 249 
Pelvic arch, of horse, 834 , of bird, 882 
Penis, of horse, 847 ; of pig, 480 , of 
ram, 400 , of bull, 402 
Pentostomidee, 186 
Pa7it/ii7ia prtimana, 217 
Perching-birds, 424 
Perdix anerea, 408 
Peregrine Paloon, 892 
Pencardinm, 861 
Penplcmeta ainericanai 09, 208 
Penssodaotyla, 474 
Peritoneum, 842 
Peritnoha, 82 
Perlldffi, 296 

Phcsdon coohleareco, 162, 164 
Phalangers, 478 
Phalaropes, 412 
Phoalanidffi, 403 
Phanmus cckhicua, 404 
II torguaii&, 404 
Pheasant, the, 404 
PfiOfbia cepetorum. 246 
II hmaaic/B, 247 
Phorodon 274 

Phryganeidee, 295, 298 
PMmnus oapittSf 290 
II vngi4mcUtSf 290 

n veahinerUi, 290 

PhyUope/rUm kortxoola^ 166 
PhyUotreia nmorwnt 149 
Phytoptidae, 184 
Phytoytus aveUaTico^ 134 
II py^'h 186 

II 7^l8i 1 34 

It 184 

Pia-mater, 866 
P%oa caudaiat 427 
Plci, 422 
Pictu major^ 422 
ti minor, 422 
PierldflB, 198 
Pima braaaiccc 198 
II fiapi, 199 

If rapWf 109 , 


Pigeons, 416 , origin of domestic, 417 
Pigs, 480 

Pinnigrade foot, 494 
Pinnipedia, 493 
Pwp/Ula apLif 258 
Pipistrelle, the, 612 
Pipits, the, 486 
Piroplama bujemina^ 29 
II caniSf 29 

II aguAif ^i9 

II parvum^ 29. 

Pvrf^laamoe, 20 
Piroplasmosia, 26-27 
Pisces, 862 

Placenta, 463, varieties of, ^65; 
discoidaJ, , metu discoidal, ib , 
zonary, 466, cotyledonary, 467, 
diffuse, ib 
Plantigrade foot, 494 
Plant-Bee, 269 
Pla,smod%ai 17 

Plaamoduiphora brasaiccB, 17, 20 
PVaxniodimn, 28, 30 

II imnouyvdatum, 30 

II malanm^ 30 

II mvoo;, 80 

Platyhelminthes, 87, 40 
Plecotua aimtWj 612 
FUatroacdia 149, 151 

Pliohlppos, the, 476 
Ploughshare bone, 379 
Plovers, 411 
Plum ^bls, 278 
II weevils, 169 
II Fruit Sawfly, 196 
PhufMaaminoLt 211 

PlusiadiB, 211 
PlvieUa ‘Oiaculipmn'hat 218 
pneumatic bones of bird, 379 
Podveepa JiwomtiliSy 388 
Polecat, the, 496 
Polyohaata, 40 
PolydesmvioB, 112 
Polydesmus complanaXus^ 113 
Polystomata, 47 
PolyatomAm. vrUemMum^ 47 
Pomesranate bark, use of, 616 
PompiUua plunbeua^ 186 
Por^io acabsTj 109 
Posterior arch, of horse, 334, of bird, 
382 

Pratincoles, 410 
Primates, 471 
Primitive groove, 323, 446 
t, streak, 446, 449, 461 
Probosoidea (dlptera), 230 , (mam 
mals), 471 
PTOCtotrupidcc^ 186 
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Propolis, 186 
Protohippoa, the, 470 
Protoplasm, 8 
Prototheria, 470 
Protozo*^ 16, 84 
Paeudaha ovis-pulmorialia. 69 
Patudoteiram&raj 146, 148 
Paeudotnmera^ 146 
P»da roaoB, 255 
PstluicB, 2o6 
Psocidea, 296 
Psoroptea^ 128 

It o(mimun%8 v oma^ 129 
Psoroapermosis, 26 
Psychidae, 206 
Psylla Truths 283 
II pyrivora^ 284 
Paylhodea attenuatua, 162 
Pteropoda, 306 
Pvlex irntaTis^ 266 
Puliadee, 223, 264 
Pulmonary artery, 363 
II veins, 853 
Pulmonata, 807 
Pulse Seed Weevils. 161 
Pv^'ornaria 281 
Puparia, 142 
Pupipara^ 262 
Putonua er-mneaf 494, 406 
It fostviua^ 494, 496 
II /wro, 494 
II •ouZgwnat 494 
PyralidfiB, 216 
PyrrhuLa ettropesaj 428 

Quadrate bona, 880 
Quadrumana, 471 
Quail, the, 408 
Quassia, use of, 528 
Queest, the, 416 


Red Wood Ant, 177 
Red-le^ed Weevil, 169 
Reduviiaffl, 271 
Redwater, 26, 29 
Redwing, the, 440 
Reed-bunting, the, 488 
Relapsing Fever, 126 
Reproductive system, of insects, 107 
II organs, of manimals, 
847; of birds, 384 

ReptiUa, 870 

Respiratory organs, of insects, 106 ; of 
horse, 348 , of Ichthyopsida, 862 ; 
of bird, 884 
Peitcidoaa, 20 
Reticulum, the, 483 
BKvnolf^hua ferru^ 612 

II hiipposiawoa, 512 
PMpocephalua anmitloAuay 29 
BJmoiffogua aolatxtwXia^ 166 
lUioditea roaaa. 188 
Rhopalocera, 198 
RhopaZoaapMm laotitcmj 279 
Rhyiichopora, 166 

Ribs, of horse, 331, of pig, 481, of 
oz^ 492 
Rice Weevil, 160 
Rmg-bono, 884 
Rock Dove, the, 437 
Bodentia, 600 
Rook, the, 426 
Root-eating maggots, 246 
Root-knot disease, 84 
Rose Beetle. 165 
Roimd-wonns, 68 
Rove-beetles, 172 
Rumen, the, 488 

Rummants, 488 ; stomach of, <b , , 
dentition of, 485 
Rust in carrots, 266 


Rabbit, the, 606 
Radioloaia, 16 
llodula, the, 306 
Rails, the 409 
Kollidie, 409 
Jftana, iemp&mna.^ 868 
Raiiidoe, 368 
Itasores, 461 
Raspberry-beetle, 109 

n shoot borer, 221 

II Weevil, 169 

Rats, 602 
Rat Pleas, 266 
Red Gi ouse, the, 408 
II Hen Mite, 122 
II Mange, 133 
II Spider, 119 


Salivary glands, of insects, 106, of 
mammal, 841 
San Jos4 Scale, 280 
Sand-61es, 233 
II Lizard, 378 
II -martin, the, 484 
II Wasps, 178 
Santonin, 86 
^pfvnua mraacma^ 168 
Sc^odina^ 17 
Scvrcoptea, 180 

II acdtiex v ouw, ISO 
Sauropsida, 876 
SawOies, 189 
Sawfly larvBB, 189 
Saxicola, 489 
Scab, 1^ 
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Scale insects, 279 
Scaly-leg, m fowls, 183 
Schtaorufiiera lanigera^ 27ti 
It ulmi^ 273 

Sderostoimm, wnnatmh Uqmnum)^ 70 
II ruhruTiit 71 
n t€i.raAxim;tkum^ 71 

SoolopacidfiB, 412 
Soolopendndffl, 118 
ScolytidfiB, 172 
Scooplng-bone, of pig, 480 
Scorplon-dles, 296 
Scoi^ions, 108 
Soratching-birds, 401 
Seymnus mmtmus, 147 
Bea-auemones, 34 
II -cucumbers. 84 
II -squirts, 31/ 

1 , -urchins, 34 
Seals, 408 

Segmentation of egg, 445 
Segmented'iworms, 90 
Selenodonta, 483 

Sense organs, of worms, 87 , of arthro- 
pods, 101 
306 

Sexton Beetle, 167 

Sexual oigans, of horse, 847 , of ram, 
490 , of bull, 402 
Sheep, 488 
I, fluke, 42 
II nasal-bot, 242 
II scab, 129 
It spider fly, 262 

„ ticks, 127, 223, 262 

Sheldrakes, 400 
Short-eared Owl, the, 420 
Shot-borer Beetles, 172 
Shrews, 609 
Shrikes, 436 
Sialidsa, 296 
Side-bone, 884 / 

SdiooJUigellatat 21 
Silkworm disease or pebrine, 82 
Sdpha atmla, 167 
II opacat 167 
Silver-fish, the, 300, 801 
Simulidee, 238 
Sirenia, 

SmcidoBf 196 
Bvrex gigas^ 196 
II juvenciiSi 197 
Siskin, the, 482 
SdoriBs enniius^ 1 67 
If IvnetUua^ 157 

Skeleton, of horse, 326; of bird, 877, 
of mg, 482; of oxen, 491, of sheeii, 


‘^Sketer” Hawks, 209 
Skip-jacks, 162 

Skull, ot horae, 329 , ol bird, 379 . of 
ram, 488 ; of ox, 490 
“Sinters,” 109 
Sleeping sickness, 23 
Slug- worm, of pear, 191 
Slugs, 307, 308, 809 
Small Chafer, 166 

Small intestine, of horse, 840 , of niff. 

480, of ox, 484 
SmiTiuiunts Vuteus. 301 
Smooth Snake, 373 
Snails, 309 , natural enemies of, 313 
Snake flies, 295 
Snakes, 370 
Snipe, the, 410 
Suow-flies, 286 
Social Pear Sawfly, 196 
Soft-soap, 526 
Soil fumigation, 528 
Bohdungulata, 474 
Solitary Wasps, 178 
SolutrS, fossil liorses of, 474 
S&rexfodiefn8i 609 


II pymjioBuSy 609 

ti ‘omgajnSt 609 
Southern fever, 29 
Sparrow-hawk, the, 893 
Sparrows, 434 

Specimens, prohibition of sale of, 532 
SphlngidsB, 200 
Spider fly, 262 
Spiders, 116 
Spinal cord, 355 
Spiracles, 106 
SpinlloBis, 24 
24 

Spvrodhosta gaXhnwnm^ 24 
II o6srme?m, 24 
Spleen, of horse, 341 
Split swimmmg foot, of biid, 388 
Sponges, 32 
Sporozoa, 17, 24 
Stag-beetle, 166 
Staphylinidffi, 172 
“Staggera,” 64 
Star 5 ah, 84 
Starlmg, tlie, 427 
Steel Blue, 196 
Stem Bel worm, 80 
Sternum, of horsij, 331 , of bird, 381 
Stifle-joint, 336 
Stoat, the, 495 
Stock-dove, the, 418 
Stomach, of horse, 340, of bird, 383, 
of pig, 480 , of rnrainmit, 484 
Stomach Worms, 69 
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Stomoasys^ 261, 262 
Stone CarlewR 410 
II •'flies, 295 
Strawberry Snail, 812 
Strawberry Weevil, 169 
Birigidifi, 419 
Striked Olick-beetle, 10J 
Stnxjiammea^ 419 
ir pcMse^tnaf 421 
Btrongylea, of horpe, 70 

fi of sbeep and cattle, 69 
StronpfylidflB, 08 
Storks, 889 
Sturdy,” 64 
Stumldee, 427 
Stylopidas, 146 

Sub-zonal membrane, 463, 465 

Buctoria, 81 

SnidsB, 480 

Sulphur washes, 627 

Summer Chafer 1C3 

Surface laiwie, 209 

“Surra,” 22 

jSijw sorqfaf 481 

SwaUowfl, 438 

Swans, 895, 899 

Swifts, 421 

Sylvm atncapiUa, 438 
It anereat 4SS 
M hortensiSf 438 
SyviJjLoteSf 128 

II communis v. ovis, 132 
Sympathetio nervous sysLem, 360 
Synergi, 187 
iSynganms achealiSt 74 
S^an Bee. 180 
Bynmim alvco, 420 
^rphidee, 239 
SyTphus balleatua^ 240 
II fibesiii 240 

TabanidBa, 236 
Ta^nua autumrudiSt 286 
ti 236 

It sudeticua^ 238 
Tado^ma BeUonxij 400 
ToBfiiia cvenurus, 64 
II cchvnoGocous, 68 
II expansa, 62 
I, saginata^ 48, 62 
II serrata, Ol 

ti aohum^ 66 

Tffluloides, 516 
Tceniosip, 48 
Talpa ein npcea, 607 
'i’alpidcB, 607 

Tapeworms, 47 ; development of, 60 , 
human, 66, 68, 62 


Tarsus, of horse, 886 
'I’asmanian Devil, the, 478 
Tawny Owl, the, 420 
Tawny Wasp, 178 
Teal,^e, 400 

Teeth, of hoi^se, 478, of dog, 408 
of pigs, 480 , of rumlnantR. 485, ol 
carnivora, 493 ; of cats, 499 
TenehriomaCB, 146 
TenthredinidcB, 189 
TeataceUa, 811 

n halioUdeu. 811 
Testes, of insect, 107 , of mammal, 
847 

Tetrao aooticust 403 
11 Ut'nXi 404 
M uroyodlns, 404 
Tetraomdffi, 408 
Teirwnychus modvcBt 119 
11 tdanust 121 
Tetrwrhyiiichns^ 49 
Texas fever, 29 
Thoracic duct, 864 

Thorax, of insect, 101, of horse, 
339 

Thread-worms, 64 
Thnps, 206 
Thrips cereatium, 267 

II mvnuiisffbmaf 268 

II oiJiraeeuSi 267 
Thrush, the, 439 
Thymol, u^'e of, 73 
Thymus gland, of horae, 841 
Thyroid, of horse, 341 
Thysanoptera, 266 
Thysanura, 800 
Ticks, 28 

Tinea grandHa^ 228 
TineiniB, 218 
Tipula lateralis, 235 
II olercxea, 233 
It paLudosa, 235 
TipulidsB, 283 
Tits, 437 

Toad, the Common, 367 > the Naltci 
jack, ib 
Toads, 864 
M’obacco wash, 626 
Torcel Fly, 246 
Tortnoidffi, 216 
Toririx heparan a, 217 
It larviBj 217 
11 prumana, 217 
It Tibeana, 217 

Trachea, of insect, 106, of horse, 344 
Tracheal iryectloua, 519 
Tieinutoda, 40 
Tnchineila apii alia 76 
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Tnohinosia, 76 
Tnchocephalida 2 , 75 
Tnchocera hiemaLis^ 236 

II regelatioiiis^ 235 
Tnchodeciesy 295 ^ 

Tnahopsylla gaUmoSy 265 
Tnehosoimmy 75 
Tnchostrongvlus extmiMiuSy 70 
TnohotzradiendtB, 76 
Triton cnstatuSf 368 
Trogontia, 470 
TrombldidsB, 118 
Ti OTnbvhmn holoamcewniy 122 
TropidoTiotus nainx, 873 
Trypanoptasitia, 22 
Trypanoaomay 22 

M braceiy 28 

II onmy 23 



TrypaTiOsomatidoBy 22 
Tiypanoaomes. 28 
Trypetidcay 267 
Tsetse disease, 22 
Tsetse Flies, 260 
Tulip-root iu oats, 80 
Tunioafcea, 817 
Turbellana, 89 
Turdus Uiactts, 840 
n merulay 339 

II fnusiciia, 839 

rt pitcmay 340 

11 visGvooncSy 840 

Turkeys, 407 
Turnip Flea, 140 

It Gall Weevil, 160 

II Seed Weevil, 154 

Turtie-dove, the, 417 
Tylenchua, 79 

II devaatCLtnx, 80 

II scandens, 79 

TyphtooyliidcB, 271 

Umhilioal vesicle, the, 468 
XTnclnate process of nb, 380 
Ungnlata, 473 

Umo, 808 ; development of, 804 
Uraolias, the, 464 
Ureters, 846 
Urethral canal, 846 
Urinary organs, of horse, 346 
UrocBiidfia, 396 
Urodela, 804 
Uro-genltal orpans, of horse, 347 , of 
mare, 849 
UruSy the, 492 
Uterus, of mare, 840 


Vanellus cnatatUBf 411 
Vaneaaa C aVlnm>y 198 
II %Oy 198 
II polycfdoroSy 198 
VaneaaidcBy J98 
Vaporite, 628 
Vapourer Moth, 204 
Vascular system, of mammal, 851 ; of 
iohthyopsida,363, ofHaurop8ida,87l 
Vedalm (wrdiTiaZiay 148 
Vena cava, superior and inferior, 352 
II porta, 354 

Vermiceous diseases, prevention and 
treatment of, 615 

Vei-tebra, of horse, 825 , of bird, 879 
Vertebral column, the, 826 
Vespa orcbbfOy 178 
M m^ay 178 
II sylwainsy 178 

II viUgarLSy 177 

Vespertilio noctiUay 612 
II pipiatrelUty 512 
V^pera Sorus, 373 
Vine Weevil, 169 
Visceral arches, 328, 462 
II clefts, 452, 462 

II folds, 452 

Vocal cords of horse, 346 
Voles, 604 ; plagues of, 506 
Volucdla homb^ansy 240 
M zonanay 240 
VorhceUay 81 
Vulturidm, 890 

Wandering cells, 5 

Waible-fliea, ^0, of ox, 241, of sheep, 
242 , of horse, 243 , ol deer, 244 
Warblers, the, 438 
Washes, 6^ 

Wasga, 177 , Sand, 178 ; remedies for, 

Water rat, 606 
II Shrew,' 509 
II -fluaila, 308 
Wax, 186 

Weasels, 498 , the oommon species of, 
494 ^ 

Weevil^ 166 
Wheat Eelworm, 79 
11 Midge, 228 
Wheat-hulb fly, 248 
Whoatears, the, 489 
Whip-worms, 76 
Whitethroat, the, 488 
WUd Boar, 481 
II Cat, 600 
Windhover, the, 891 
Wing, of bird, 876 , of bat, 610 
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Winter-gnats, 285 
u Moth, 212 
Wireworms, 162 
Wolf, the. 499 
Wolffian dnot, 464 
Womhata, 478 
Woodcock, the, 412 
Wood-louae, 109 
Woodpeckers, 422 
Wood-pigeon, the, 416 
M -snail, 818 
n -wasps, 17^ 189, 196 
Woolly Aphis, 2/6 
Worms, 34 36 , classes of, 39 
Wryneck, the, 422 


Xyleborus diapcvr^ 172 
Xyld>orus aaxeaem^ 1 72 
Xe7W}>ifylla cheopiSi 20 6 
XylQphkga^ 146 

Tellow Underwing, 209 
Yellow-hammer, the, 438 
Y-Moths, 211 
Yolk sac, 446 
Yutix iorquiUa^ 428 

Zahrits gibbus, 171 
Zona raniato, 444, 460 
Zonary placenta, 466 
Zygomatic process, of horse, 880 
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